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Digital innovation has transformed our mode of living through the design and delivery of 
new combinations of information technologies (IT) to produce novel products, processes, 
or business models. However, the deprivation of IT among marginalized communities is 
still an enduring problem, which is known as digital divide. This thesis focuses on the 
digital divide issue among populations who have not benefited from the use of IT, which 
is referred to in this thesis as the digitally-deprived communities. The deprivation may 
occur in contexts that share three features: complex composition of institutional forms, 
digitalization effort inhibited more by social constraints than technical constraints, and 
innovation success dependent more on collective acceptance than individual decisions. 
This thesis, therefore, explore the digital innovation challenges in agricultural 
communities, as it is a user segment that exemplifies these conditions under which we 
digital deprivation is seen to emerge.  
This thesis presents two studies: (1) a design science study (Chapter 2) that aims to 
develop the principles underlying the design of technological artifacts for the intended 
users in the digitally-deprived communities and (2) an interpretive case study (Chapter 3) 
that aims to reveal the process through which digitally-deprived communities engage in 
value co-creation. Both studies are contextualized by a typical example of digitally-
deprived communities, i.e. the agricultural sector in China. The two parts of the thesis 
when combined provide both descriptive and prescriptive knowledge to practitioners who 
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CHAPTER 1 INTRODUCTION 
Digital innovation has transformed our mode of living across the ages, cultures, and 
social classes, through the design and delivery of new combinations of digital and 
physical components to produce novel products, processes, or business models (Fichman 
et al. 2014; Yoo et al. 2010). Despite this, most of the work on understanding the process 
of digital innovation and the design of information technology (IT) artifacts has been 
conducted in communities with more advanced stages of IT development. This trend 
intensifies the digital divide between those who have benefited from the use of 
information and communication technologies (ICTs) and those who have not (Dewan and 
Riggins 2005).  
While some populations have benefited from using ICTs in attaining their goals in their 
workplaces or daily lives, other populations are still deprived of the transformative power 
of digital innovations (Avgerou and Madon 2005). This deprivation may be caused by 
one or more of the three factors: (1) the lack of accessibility to technological 
infrastructures (i.e. digital access divide), (2) the lack of capabilities in using ICTs (i.e. 
digital capability divide), or (3) the lack of relevant technological artifacts in generating 
tangible outcomes in people’s workplaces or daily lives (i.e. digital outcome divide) (Wei 
et al. 2011). This group deprived groups are referred to as the digitally-deprived 
communities.  
Digital deprivation may occur in contexts that share three features: complex composition 
of institutional forms, digitalization efforts inhibited more by social constraints than 
technical constraints, and innovation success is dependent more on collective acceptance 
than individual decisions. This thesis, therefore, explores the digital innovation 
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challenges in agricultural communities, as it is a user segment that exemplifies these 
conditions under which digital deprivation are seen to emerge. 
Given the increasing diffusion of relatively cheap digital infrastructure, there is a 
significant potential for extending digital innovation to broader communities, which in 
turn, has the potential to minimize the digital divide between rich and poor. This 
emerging trend opens up a substantial research area for gaining a deeper view of the 
digital divide issue and approaches for bridging it in the digitally-deprived communities. 
This forms the original motivation of this PhD thesis.  
1.1 RESEARCH BACKGROUND 
1.1.1 The Phenomenon: Bridging the Digital Divide 
Definition of Digital Divide 
One view is that of Norris (2001), who posited that social stratifications range from 
global (global divide), national (social divide) to individual levels (democratic divide). 
While the global divide is concerned with the gap between industrialized and developing 
nations, it includes the social divide scales down to the national level concerning the gap 
between information rich and poor in each nation, followed by a further scaling down to 
the democratic divide that signifies the difference between individuals who do and do not 
use the digital resources to engage, mobilize and participate in public life (Norris 2001). 
This perspective provides a macro-level insight into the digital divide problem on 
different scales, yet primarily focuses on the accessibility of ICTs rather than the value of 
information and knowledge in a given context and the social capabilities for utilizing 
technology (Avgerou and Madon 2005). This is understandable as the researchers that 
apply this view are mainly government servants.  
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A second perspective is that of Wei et al. (2011) whose classification is based on the 
technology adoption process that involves the digital access divide (i.e. the inequality of 
access to ICTs), the digital capability divide (i.e. the inequality of the ability to use ICTs), 
and the digital outcome divide (i.e. the inequality of outcome achieved through the use of 
ICTs). In addition, studies have distinguished between two dimensions of the digital 
access to digital products (e.g., computers, smartphones, software, etc.) and access to 
digital services (e.g., education, healthcare, etc.) (Srivastava and Shainesh 2015). While 
digital access divide concerns the gap between the “haves” and “have-nots” of IT, the 
digital capability divide incorporates the role of users concerning the gap between the 
“cans” and “cannots” in using IT, followed by the digital outcome divide that concerns 
the gap between the “gains” and “non-gains” after using IT. This idea offers a more 
down-to-earth view about the digital divide problems and suggests that bridging the 
divide requires enabling the accessibility of IT as well as user training in how to use IT in 
creating tangible outcomes.   
There is not a binary division between "haves and "have-nots" of the digital divide, but 
rather a gradation based on different degrees of deprivation in the accessibility, usage, 
and consequences of ICTs (Warschauer 2002). As such, the deprivation is manifested in 
various degrees, from no usage of ICTs to limited benefits gained from the use of ICTs 
Thus the groups of people who are deprived in one or more dimensions of the digital 
divide are referred to as digitally-deprived communities. Examples of such communities 




Perspectives in Bridging the Digital Divide 
The major drivers that cause the digital divide are composed of two levels: the first order 
factors are  associated with the physical accessibility or affordability of ICT facilities 
such as income, location, race, age, gender or education level; while the second order 
factors are associated with the uses and consequences of ICT facilities such as levels of 
computer skills and the availability of social support (Dewan and Riggins 2005). 
Considering these factors, a key challenge of bridging the digital divide is local adaption 
and cultivation of digital innovation (Walsham and Sahay 2006).  
The majority of the work in bridging the digital divide tends to focus on insights from the 
provider-centric view of digital innovation, instead of the opinions of the intended users. 
This may lead to less relevant outcomes between providers’ solutions and users’ demands, 
which can be reflected from Heeks’ (2002) design-actuality gaps model (the match and 
mismatch between IS designs and local user actuality) in explaining the high rate of IS 
failure in developing countries. For example, in a 2007 special issue in “MIS Quarterly” 
on Information Systems in developing countries (Walsham et al. 2007), the majority of 
empirical studies were reported with data from various digital innovation initiatives that 
aimed at delivering digital products or services to digitally-deprived communities, with 
only a few incorporating the direct opinions of intended users (e.g. Puri 2007). Even in a 
recent study on service divide that sought to gain greater relevance on the digital divide 
issue in developing regions, researchers mainly investigated the divide mainly from the 
provider’s angle (Srivastava and Shainesh 2015). 
As such, the enduring digital divide in most emerging economies caused the re-thinking 
of the alternative views from the user-centric view in better addressing the digital divide 
problem in digitally-deprived communities. A further observation is the currently 
growing popularity of user co-creation in most digital innovations (Grover and Kohli 
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2012; Kankanhalli et al. 2015), whereas the digitally-deprived communities are rarely 
given the opportunity to express their needs (Zheng 2009) and participate in shaping the 
innovation for maximizing its relevance to their conditions (Lundvall 2009). The 
disengagement of digitally-deprived communities from the co-creation process continues 
to intensify instead of easing, the digital divide problem between the digitally-rich and 
digitally-deprived. It is thus imperative to pay more attention to the opinions and 
situations of intended users in the digitally-deprived communities, instead of the 
providers of digital products or services. It is thus proposed that a user-centric view, 
which is based on the level of user participation in digital innovations by different social 
groups, can better reflect the current digital divide issue in emerging economies where 
populations are primarily deprived of the uses and consequences of ICTs. 
Thus, in contrast to existing views another personal view towards the digital divide 
problem throws light on the underlying reasons for the digital divide in emerging 
economies and proposes user participation as a measure of bridging digital divide in the 
context of emerging economies where populations are primarily digitally deprived. 
Figure 1.1 summarizes the two views. 
 
 






Solution created for users by 
the providers with the 
consideration of the business or 
social values that can be 
generated from users’ adoption 








Solution created jointly by the 
providers and users with the 
consideration of the values and 
relevance to the users. User-Centric View 
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1.1.2 The Context: Information Technology for Agricultural Production 
Information Technology in Agriculture 
The use of IT has been recognized as a potential enabler of increased effectiveness in 
agricultural processes through improvements in the productivity and sustainability of the 
farming process (Cox 2002; Lowenberg-DeBoer 1996). IT has been gradually adopted by 
the agricultural sectors in developed regions, such as the United States (e.g. Suprem et al. 
2013) and Canada (e.g. Aubert et al. 2012), which has shown significant potential in 
supporting agricultural development as evidenced by studies from the fields of 
agricultural economics (e.g. Aker 2011), agricultural informatics (e.g. Andreopoulou 
2012) and IT management (e.g. Batchelor et al. 2014).  
However, conditions of digital deprivation are still prevalent within the agricultural sector 
(Venkatesh and Sykes 2013). Most farms in less developed regions still follow the 
traditional approaches to farm management, depending mainly on human labor with 
limited application of mechanical equipment and heavy machinery (Suprem et al. 2013). 
However, traditional farming practices do not necessarily exclude more advanced 
production management and more controlled farming activities. In fact, the rising food 
safety concerns in less developed regions highlight the need for better management that 
can result in more visible and traceable farming processes (Wu et al. 2015). The lack of 
traceability in the farming process makes it challenging to sustain or re-build trust 
between agricultural suppliers and consumers. This is consequently a key area in which 
digital technologies can have an important social and economic impact in the agricultural 
industry within less developed regions.  
While there is considerable research on digital innovation in general, limited attention has 
been paid to the design and delivery of IT artifacts in the agricultural sector. Generally, 
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the adoption of IT in agriculture has been slower than in other major industries (Hanclova 
et al. 2015). This lag occurs because the agricultural industry poses major social (e.g. 
varying organizing forms in villages or farms) and technological (e.g. demanding cost-
effective digital infrastructure) challenges the development and use of IT (Medhi et al. 
2011; Puri 2007). In this thesis, we consider these challenges within the specific context 
of agricultural communities in China. 
Agricultural Communities in China 
Chinese agricultural communities have been chosen as the specific context for an in-
depth case study. To reflect the user-centric view towards the digital divide, this case 
study focused on the insights of the demand side (i.e. the agricultural communities) rather 
than the supply side of digital innovations (i.e. IT suppliers), which is also a response to a 
call for attention to “the demand side in terms of questioning the very purpose for which 
communities need knowledge, and what knowledge is appropriate for particular groups” 
(Avgerou and Madon 2005).  
While China is experiencing a growing demand for agricultural informatization (Hanna 
and Qiang 2010; Zhang 2015), the Chinese agricultural communities still represents a 
typical example of digitally-deprived segments of the population. The unique institution 
of “collective land ownership and individualized land-use right” in the  Chinese 
agricultural sector has created various interesting forms of agricultural communities 
(Zhang and Donaldson 2010). There are various criteria to classify the forms of 
agricultural communities. In this thesis, they are classified in terms of land use rights; 
meaning whether the community produces on allocated land or on rented land. This 
classification can reflect the main differences in intended users’ goals and problem 
domains, which lead to different aspirations for digital innovation.  
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On the one hand, as the land is allocated to rural households with land-use rights, the 
fundamental form of agricultural communities is the family farm that produces on 
allocated family land with family farmers. They mainly produce for their personal 
consumption and may also pursue profits by selling additional outputs to third-parties 
(e.g. end-consumers, corporate farms, etc.). On the other hand, as the legal owner of the 
land in rural China is the village, another form of agricultural communities is the 
corporate farm that produces on the rented land from the village and may or may not 
have allocated land. The corporate farm owners may hire various types of farm workers, 
including proletarian farm workers who work full-time for the corporation but do not 
own land, and semi-proletarian farm workers who work part-time for the corporation but 
have allocated land at home that may or may not be rented out (Zhang and Donaldson 
2010). The corporate farms produce for profits in various ways, which will be examined 
and illustrated with specific cases in the later section. The research sites for this thesis are, 
therefore, selected from the two forms of agricultural communities. Some of the local 
terminologies in Chinese agricultural sector are presented in Appendix F for reference. 
1.2 RESEARCH OBJECTIVES 
1.2.1 Research Gap 
This thesis focuses on the phenomenon of digital innovation that aims to alleviate the 
digital divide as experienced by digitally-deprived communities. The core challenge in 
this phenomenon is the design and delivery of relevant IT artifacts pertaining to the 
intended users. In the domain of digital divide and innovation research, a major 
theoretical gap is that minimal attention has been paid to the demand side of digital 
innovation to bridging the digital divide (Avgerou and Madon 2005). Opinions from the 
intended users on the demand side are indispensable components in designing and 
9 
 
delivering relevant technological artifacts. Most cases of failure of digital innovation 
initiatives in developing regions are attributed to the inadequate research into the needs 
and constraints of the intended users. However, most studies still adopt the perspective of 
providers as the major source for investigating the challenges and enablers of digital 
innovation in bridging the digital divide. It is thus imperative to investigate the digital 
divide problem from both the provider-centric and user-centric view, for advancing the 
progress of digital innovations in digitally-deprived communities.  
To address this research gap, this thesis aims to focus on the intended users in digitally-
deprived communities and investigate two aspects in the digital divide: (1) the principles 
that inform the design of IT artifacts for digitally-deprived communities, and (2) the 
challenges and enablers for engaging digitally-deprived communities in co-creating IT 
values that are relevant to their context. This thesis thus presents two studies: (1) a design 
science study that aims to investigate the principles underlying the design of 
technological artifacts for digitally-deprived communities and (2) an interpretive case 
study that aims to investigate the challenges and enablers for engaging digitally-deprived 
communities in value co-creation process. Both studies are contextualized by a typical 
example of digitally-deprived communities, the agricultural communities in China.  
1.2.2 Study I: Design Principles for Digitally-Deprived Communities 
To revive the needs of the intended users in understanding the design of relevant IT 
artifacts, the study adopts the information systems design theory (ISDT) that helps in 
developing design knowledge from the artifact design and evaluation activities (Gregor 
and Jones 2007; Hevner et al. 2004; Simon 1996; Walls et al. 1992). ISDT shows the 
principles inherent in the design of an IS artifact that accomplishes some ends, based on 
knowledge of both IT and human behavior, which allows the prescription of guidelines 
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for further artifacts of the same type (Gregor and Jones 2007). The deprivation of the uses 
and consequences of ICTs in the digitally-deprived communities has reflected the lack of 
IS design knowledge that is tailored to the specific design context. This thesis, thus, 
raises the first research question: 
Research Question 1: What are the principles that should guide the 
design of IT artifacts for digitally-deprived communities, in such a 
context as the Chinese agricultural sector? 
The design science approach and design theory framework are used to investigate the 
principles that guide the design of IT artifacts for digitally-deprived communities.  
1.2.3 Study II: Engaging Digitally-Deprived Communities in Value Co-Creation 
To incorporate the user’s perspective in understanding the co-creation of IT values, this 
study adopts the technology affordance and constraints theory (TACT) which emphasizes 
the potential interactions between user and technology, rather than properties of either 
user or technology (Majchrzak and Markus 2012; Markus and Silver 2008; Zammuto et 
al. 2007). The concept of technology affordance refers to “an action potential, that an 
individual or organization with a particular purpose perceives in a technology or 
information system”; technology constraint refers to “ways in which an individual or 
organization can be held back from accomplishing a particular goal when using a 
technology or system” (Majchrzak and Markus 2012). These affordances and constraints 
become boundary objects between users and providers and help both parties develop a 
shared understanding of the artifact, which may help us to reveal and analyze the 
communication encounter process that inhibits or enables value co-creation in digitally-
deprived communities. This thesis, therefore, raises the second research question.  
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Research Question 2: What are the mechanisms of value co-creation in 
digitally-deprived communities, specifically in the Chinese agricultural 
communities? How do technology affordances and constraints inhibit or 
enable value co-creation in digitally-deprived communities, specifically 
the Chinese agricultural communities? 
An interpretive case study approach is applied to investigate the mechanisms, inhibitors 
and enablers of value co-creation in bridging the digital divide.  
1.3 RESEARCH CONTRIBUTIONS 
This thesis aims to contribute knowledge to the digital divide literature with empirical 
understanding and theorization towards the digital divide issue from the user-centric view, 
which entails three major contributions. The first major contribution is an in-depth 
analysis of the digital divide problem in a specific digitally-deprived context, the 
agricultural sector in China. This thesis aims to unfold the insiders’ view on what and 
how IT is needed to resolve the local problems in the Chinese agricultural sector, thus 
contributing to the limited literature of IS in China that is scarcely available in the 
English language literature (Walsham et al. 2007).  
The second major contribution that this thesis aims to provide is developing a 
contextualized IS design theory following Gregor and Jones’s (2007) ISDT framework, 
in unfolding the IS design principles in digitally-deprived communities. This theory is 
expected to contribute to both researchers and practitioners with empirical evidence in the 
design of technological artifacts for a particular group of digitally-deprived communities.  
The third major contribution that this thesis aims to provide is a theorization on the role 
of value co-creation in bridging the digital divide as well as the role of affordance in 
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enabling value co-creation, for advancing the research in both value co-creation and 
affordance literature. This theory integrates both the affordance lens and value co-
creation literature to provide an alternative approach for bridging the digital divide.  
Generally, this thesis is expected to provide both prescriptive and descriptive knowledge 
to researchers and practitioners who are involved in the delivery of ICTs to digitally-
deprived communities, with the aim of bridging the digital divide as experienced by a 
substantial amount of potential users in society who are deprived of the benefits enabled 
of technological development. 
1.4 THESIS ORGANIZATION 
Chapter 1 has provided an overview of this thesis, covering the research background, 
research objectives, and potential contributions. It introduces the research phenomenon 
and context, which sheds light on a research gap in the current body of digital divide 
literature and highlights the importance of narrowing the gap. It then introduces the two 
research objectives that this thesis aims to address, followed by proposals on the 
contributions to theory and practice.  
Chapter 2 presents a design science study that aims to develop the principles underlying 
the design of technological artifacts for the intended users in the digitally-deprived 
communities. It reviews the literature on information systems design theory and related 
work on the challenges in designing for digitally-deprived communities. Two mobile 
prototypes were developed sequentially and evaluated with the intended users through in-
depth case studies. A set of design principles was derived from the design and evaluation 
activities. Further reflections on how to enact effective design for digitally-deprived 
communities are delineated. Implications on theory and practice are then discussed.  
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Chapter 3 presents an interpretive case study that aims to investigate the processes 
through which value co-creation is inhibited or enabled in digitally-deprived communities. 
It reviews the literature on value co-creation, technology affordances and constraints 
theory and the digital divide issue. An interpretive case study was conducted in two case 
groups, with 10 family farms and 10 corporate farms in China spanning a two-year period. 
A set of technology affordances and constraints was extracted from the case studies, 
which reflect the inhibitors of value co-creation in digitally-deprived communities. 
Further reflections on enabling value co-creation through expanding the range of 
affordances are delineated. Implications on theory and practice are then discussed. 
Chapter 4 concludes this thesis by summarizing the findings and implications of the two 
studies with an integrated framework, followed by an acknowledgement of the limitations 








Many Information Systems (IS) studies have indicated that the success of IS depends on 
the congruence between the outcome of a system’s design and the context of its use. 
However, recent studies have highlighted the importance of the congruence between the 
design process itself and the potential context of use (Lee et al. 2015; Orlikowski and 
Iacono 2001). However, most of the work on understanding the design of IT artifacts is 
conducted in communities with a relatively rich digital environment  (e.g. Adomavicius 
et al. 2008; Chaturvedi et al. 2011; Lindgren et al. 2004; Reinecke and Bernstein 2013), 
which presents a significantly different context of use compared to communities that have 
limited access to and capabilities  for digital technologies. This situation contributes to 
the exacerbation of the digital divide between the two types of communities and 
perpetuates the conditions of digital deprivation (Dewan and Riggins 2005).  
In fact, digital deprivation has been associated with one or more of three factors: (1) the 
lack of accessibility to technological infrastructures (digital access divide), (2) the lack of 
capabilities in using ICTs (digital capability divide), or (3) the lack of relevant 
technological artifacts that can generate tangible outcomes in a given context (digital 
outcome divide) (Wei et al. 2011). In this paper, the communities that face access, 
capability, or outcome divide, or any combination of these three are known as digitally-
deprived communities. Such communities exist in both developed and developing 
countries. Economic deprivation is certainly one major factor that leads to digital 
deprivation in both cases, but it is not the only one. Physical (e.g. disability), social (e.g. 
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gender issues), and political (e.g. Internet regulations) factors can also prevent a 
community from accessing, using, or meaningfully benefiting from digital technologies.        
A key challenge in overcoming this deprivation is the effective design of IT artifacts that 
can fit into the intended social context (Puri 2007; Walsham and Sahay 2006). However, 
despite recent advances in the methodologies for the design and development of IT 
artifacts, effective approaches to designing for digitally-deprived communities remain 
elusive. The objective in this study is to investigate the principles that can inform such 
approaches. This is done in the context of a prototypical example of digitally-deprived 
communities, namely the agricultural communities in China. In agricultural communities, 
the majority of potential users are deprived of the direct and network benefits of ICTs (M. 
Zhang, 2015). This is thus an attempt to address the following research question:   
What are the principles that should guide the design of IT artifacts for digitally-
deprived communities, in such a context as the Chinese agricultural sector?  
This study adopts the design science framework (Gregor and Hevner 2013; Hevner et al. 
2004) in which the process of designing and evaluating an IT artifact allows us to deduce 
design principles that can form the basis of a broader design theory. Following a design 
science methodology, two mobile prototypes are developed sequentially based on 
interactions with potential users within the agricultural communities in China. Based on 
the design activities, this study then deduces five design principles that are particularly 
relevant in conditions of digital deprivation. 
This research is expected to present several contributions. First, this research highlights 
the need for a design theory that is specifically designed for by digitally-deprived 
communities, and starts its development by suggesting key design principles. This 
eventually contributes to the increasing body of IS design theories (Gregor and Hevner 
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2013). Second, this study advances research on IS design for the agricultural sector, 
which has been relatively slow in growing but is now increasingly engaged in the 
adoption and diffusion of digital technologies (Aker 2011; Banker et al. 2011). Given that 
more than 46% of the world’s population lives in rural areas (OECD 2015) where 
agriculture tends to be the main economic activity, the agricultural sector is one of the 
main domains in which designing new technologies for digitally deprived communities is 
particularly promising but also contextually challenging. 
2.2 LITERATURE REVIEW 
This section presents an extensive review of extant literature on the challenges of 
designing new technologies for the purpose of addressing the digital divide. We also 
present recent developments in IS design theories that are potentially relevant to the 
context of digitally-deprived communities. This review provides the knowledge 
foundation for the theorization of design context and principles in addressing the research 
question.  
2.2.1 Challenges of Design in Digitally-Deprived Communities 
Prior studies in digital divide literature have identified four major aspects that may inhibit 
the effective use of ICTs: (1) physical environment, concerning the access to computers 
and telecommunication connections, (2) digital environment, concerning the digital 
material that is made available online, (3) capabilities environment, concerning issues 
such as literacy and education (including the particular types of literacy practices that are 
required for computer use and online communication), and (4) social environment, 
concerning the community, institutional, and societal structures that support use of ICT 
(Warschauer 2002; Warschauer 2004). These inhibitors of IT use present particular 
challenges to the design of new IT for digitally-deprived communities. Prior studies have 
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analyzed these challenges and suggested various approaches to addressing them. We 
present a review of these studies in the following subsections, with a particular focus on 
rural and agricultural communities. 
Physical Environment: The Lack of Digital Infrastructure 
A common challenge in digitally-deprived communities is the lack of digital 
infrastructures to support the incubation and adoption of digital products or services 
innovations (Barrett et al. 2015). The presence of appropriate telecommunications 
infrastructures, policies, and education systems have been recognized as prerequisites for 
deprived communities to participate in the information society (Chen and Wellman 2004). 
However, investments in digital infrastructure tend to be unevenly distributed between 
the different social groups. For example, Internet connectivity in rural America is limited 
by relatively weak telecommunications infrastructure investment, whereas the superior 
availability of infrastructure in urban areas is responsible for relatively rapid penetration 
of high-speed Internet access in urban area (DiMaggio and Hargittai 2001). Even affluent 
rural communities in New Zealand suffer from geographic isolation, low bandwidth, 
unreliable connections, and interference from agricultural equipment such as electric 
fences (Cullen 2001).  
The situation can be more challenging in developing regions. For example, In many 
African countries, smallholder farmers often face poor physical infrastructure in the form 
of roads, telecommunication networks and electricity, which impedes their access to 
digital technologies, and hence their ability to deal with distant markets (Okello et al. 
2010). In China, despite the high level of mobile, fixed-line telephony, and Internet 
penetration, the growth in telecommunication infrastructure does not necessarily translate 
into a reduction in the level of the digital divide between the large metropolitan areas and 
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the vast populations in developing areas that remain deprived of increasingly essential 
telecommunication tools (Harwit 2004).  
Digital Environment: The Lack of Online Data 
The lack of context-relevant digital data in various domains of practice, such as the 
agricultural domain, represents a significant challenge to the design, adoption, and use of 
digital technologies in these domains. Examples of data that have been reported by 
previous studies as critical to the adoption of digital applications include market data and 
local best practices. For example, Okello et al (2010) reported on an ICT intervention in 
Kenya that tried to address the lack of market data amongst smallholder farmers by 
providing digital solutions that could alleviate their disengagement from the agricultural 
value chain (Okello et al. 2010). Similarly, Banker et al (2011) conducted an 
investigation of the digital platforms for buying and selling agricultural commodities in 
India and found that producers obtain significantly higher prices when they sell the 
commodity through the digital platform rather than at the farm-gate, usually through 
brokers who operate in their regions (Banker et al. 2011). 
The lack of digital data can result in significant disadvantages for local communities. For 
example, smallholder farmers are usually price-takers and rely on brokers or traders at the 
farm gate who usually have better access to information about input and output markets, 
which increases their vulnerability to opportunistic behavior (Ngugi et al. 2006). In 
addition, the majority of smallholder farmers lack the information on quality and quantity 
parameters used by traders in the selling process. The lack of such information prevents 
farmers from adopting profitable production alternatives and keeps them constrained to 
low-paying marketing outlets (Ashraf et al., 2009). Moreover, seasonal variations in 
prices often expose smallholder farmers to greater price risks than the larger land owners, 
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causing the former to dispose of their produce soon after harvest (Sørensen 2002), which 
increases their reliance on timely information. Finally, smallholder farmers trade in small 
village markets with long and fragmented value chains (Okello et al. 2010), which 
increases their need for higher connectivity with the various market players and more 
reliable information about market shifts across the value chain.   
Capabilities Environment: The Question of Literacy  
One of the main challenges in bridging the digital divide with regards to human 
capabilities remains the low levels of literacy in many communities around the world. 
The United Nations educational, scientific and cultural organization (UNESCO) defines 
literacy as the "ability to identify, understand, interpret, create, communicate and 
compute, using printed and written materials associated with varying contexts" (Sector 
2004). Therefore, given that much of digital information in the more affordable devices 
and in networks with limited bandwidth still depends on written symbols, the lack of 
literacy can constitute a major obstacle to accessing and using digital technologies. In 
addition, other studies distinguish between two dimensions of literacy: basic literacy (e.g., 
years of schooling, reading and writing skills) and functional literacy (e.g., domain task 
skills, IT skills) (Wallendorf 2001). Both dimensions of literacy are important 
considerations in the design of digital technologies. 
Low-literacy users are generally those with limited schooling or with difficulties in 
reading, writing or basic functional skills. Low-literacy users are different from novice 
users with higher levels of literacy. The latter might have less experience (i.e., length, 
frequency or breadth of usage) with a new technology but their literacy can provide them 
with the capacity to learn through practice (Fisher 1991). However, novice users have 
also been referred to as ‘digitally illiterate’, and various obstacles other than basic literacy, 
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such as age, social conditions, or poverty, can prevent them from becoming effective 
users of digital technologies. The constraints caused by illiteracy are hard to mitigate 
through short-term interventions and often require a series of literacy training programs 
that can take years to achieve substantial effects (Semali 1999). Thus, it is important to 
design suitable information technologies that can be used in conditions of low literacy 
(Kodagoda and Wong 2008; Tilvawala et al. 2009).  
Despite the comparatively scarcity of low-literacy user research in the IS literature, the 
marketing (consumer research) and human-computer interaction (HCI) literature offers 
some insights into the challenges faced by this group of users. For example, Adkins and 
Ozanne (2005) reported that the conditions of lower literacy was an inhibitor of various 
marketplace activities, which cause individuals to market coping strategies that use 
personal, situational, and social resources (Adkins and Ozanne 2005). Another study 
found that low-literacy users prefer concrete reasoning, pictographic thinking, single 
attribute decisions, risk avoidance, and problems and emotion focus (Viswanathan et al. 
2005). By incorporating these characteristics into IS design, Medhi et al. (2011) 
conducted a series of studies with novice and low-literacy users in rural India and 
identified a list of design guidance aids, including the provision of graphic cues, voice 
annotations, and local language support, as well as avoiding of complex navigation and 
inputs.  
Social Resources: The Question of Knowledge  
Each community has accumulated over the decades and centuries various forms of tacit 
knowledge that is particularly relevant to their main economic activities. This type of 
knowledge, which is often referred to as indigenous or local knowledge, tends to have 
some suitability to local needs, conditions, and ethos (Mundy and Compton 1991; Puri 
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2007). For example, in agricultural communities, the understanding that they have of 
their farming practices (e.g. farmland conditions, cropping patterns, pest control methods, 
and crop rotation patterns) tends to be highly local and implicit. However, such 
knowledge is often not evenly distributed among community members due to various 
factors such as age, gender, experience, profession and social status (Mundy and 
Compton 1991; Puri 2007).  
Indigenous knowledge has not been seriously considered in the design of new 
information systems. There are two possible reasons for this omission. First, most digital 
innovations cater to the needs of privileged communities where formalized scientific 
knowledge has higher legitimacy compared to indigenous knowledge and is considered a 
stronger basis of technology development (Agrawal 1995). Second, even though some 
digital innovations cater to the needs of marginalized communities where indigenous 
knowledge plays a key role; they often encounter difficulties in capturing and 
documenting the knowledge (Puri 2007).  
2.2.2 Theoretical Background: Information Systems Design Theory  
Design theory focuses on the design knowledge and provides explicit prescriptions on 
how to design and develop an artifact, whether it is a technological product or a 
managerial intervention (Gregor and Jones 2007). Design theories in Information 
Systems (IS) are expected to have direct relevance to practitioners as they entail 
prescription-driven knowledge that provides solutions for specific problems or a category 
of problems, in addition to description-driven knowledge that enables the understanding 
of the nature of problems (Gregor and Jones 2007). Despite the fact that the development 
of design theories has been limited in the IS field, increasing attention has been devoted 
to this type of research in recent years. Major theoretical guidelines for what can 
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constitute an Information Systems Design Theory (ISDT) are given by Walls et al.’s 
(1992) specifications with seven components and Gregor and Jones’s (2007) 
specifications with eight components.  
Walls et al. (1992) tried to develop specifications that would need to be satisfied in any 
ISDT. They defined ISDT as “a prescriptive theory which integrates normative and 
descriptive theories into design paths intended to produce more effective information 
systems.” Extending from Dubin’s (1970) structural nature of theory and Simon’s (1996) 
construction of artifacts, they specified seven components of an ISDT: (1) meta-
requirements, (2) meta-designs, (3) design method, (4) kernel design product theories, (5) 
testable design product hypotheses, (6) kernel design process theories, and (7) testable 
design process hypotheses. Table 2.1 presents the description of the seven components. 
This model has been used and adapted by many design science researchers in the IS field, 
such as Markus et al. (2002), Hevners et al. (2004), and Gregor and Jones (2007).  
Gregor and Jones (2007) extended the work of Walls et al. (1992) and named the 
structural components of design theories in IS as a special class of theory. The extended 
model includes eight separate components of design theories: (1) purpose and scope, (2) 
constructs, (3) principles of form and function, (4) artifact mutability, (5) testable 
propositions, (6) justificatory knowledge (kernel theories), (7) principles of 
implementation, and (8) an expository instantiation. Table 2.2 presents the description of 
the eight components. The term artifact is used to describe something that is artificial, or 
constructed by humans, as opposed to something that occurs naturally (Gregor and Jones 
2007; Simon 1996). As this framework represents the latest guidelines for ISDT, it was 




Table 2.1 Walls et al.’s Specifications of an ISDT 
Component   Description 
Meta-requirements The class of goals to which the theory is applied.  
Meta-designs The class of artifacts that are hypothesized to meet meta-
requirements.  
Design method A description of the procedures for constructing the artifact. 
Kernel design product 
theories 
Theories from natural or social sciences that govern design 
requirements. 
Testable design product 
hypotheses 
Statements required to test whether the meta-designs satisfy 
the meta-requirements.  
Kernel design process 
theories 
Theories from natural or social sciences that inform the 
design process. 
Testable design process 
hypotheses 
Statements required to test whether the design method leads 
to an artifact that is consistent with the meta-design.  
 
Table 2.2 Gregor and Jones’s (2007)  Specifications of an ISDT 
Component   Description 
Core components  
Purpose and scope  “What the system is for,” the set of meta-requirements 
or goals that specifies the type of artifact to which the 
theory applies and in conjunction also defines the scope, 
or boundaries, of the theory.  
Constructs  Representations of the entities of interest in the theory.  
Principle of form and 
function  
The abstract “blueprint” or architecture that describes an 
IS artifact, either product or method/intervention.  
Artifact mutability The changes in state of the artifact anticipated in the 
theory, that is, what degree of artifact change is 
encompassed by the theory.  
Testable propositions Truth statements about the design theory.  
Justificatory knowledge  The underlying knowledge or theory from the natural or 
social or design sciences that gives a basis and 
explanation for the design (kernel theories).  
Additional components  
Principles of 
implementation 
A description of processes for implementing the theory 
(either product or method) in specific contexts.  
Expository instantiation  A physical implementation of the artifact that can assist 
in representing the theory both as an expository device 




2.3 RESEARCH METHOD 
The research method employed in this study is a Design Science Research (DSR) 
approach. Design science research has been practiced for some time in IS disciplines with 
a variety of labels. It originated with Herbert Simon’s seminal work "The Sciences of the 
Artificial" (1996). Relevant work in IS has been referred to as 'systemeering' (Iivari 1983), 
a 'constructive' approach (Iivari 2007), and 'systems development' or an 'engineering 
approach' (Nunamaker et al. 1990). Yet mainstream recognition of the  design science 
research in IS is acknowledged to have occurred with the 2004 Hevner et al. publication 
in MIS Quarterly (Gregor and Hevner 2013). Two different streams have then emerged; a 
pragmatic-design group (Hevner et al. 2004; March and Smith 1995; Nunamaker et al. 
1990) and a design-theory group (Gregor and Jones 2007; Markus et al. 2002; Walls et al. 
1992). While the former group emphasized the implementation of artifacts as the main 
contribution of the research, the latter emphasizes the development of mid-range theories 
as their main goal. Researchers in the pragmatic-design camp have tended to focus on 
design research as an activity that results in artifact construction, while neglecting the 
post-hoc reflections on the design knowledge learnt from a design activity (Gregor and 
Jones 2007).  
In a more recent work, Gregor and Hevner (2013) tried to reconcile the opposing 
perspectives with a repositioning that could enhance the conduct and reach of rigorous 
and impactful DSR (Gregor and Hevner 2013). They proposed three levels of design 
science contributions going from more specific, limited, and emergent knowledge to 
more abstract, complete, and mature knowledge. In their stratified view of design science, 
Level 1 represents the situated implementation of artifacts such as software products or 
implemented processes. Contributions at Level 2 take the form of nascent design theory 
(knowledge as operational principles/architecture), such as constructs, methods, models, 
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design principles and technological rules. At Level 3, contribution is in the form of a 
well-developed design theory about embedded phenomena, such as mid-range and grand 
design theories.  
In this paper, the objective is to derive from a design experience key design principles 
that are specific to digitally-deprived communities. The focus is our main contributions at 
the second level suggested by Gregor and Hevner (2013). Our contributions build on an 
abstraction of design knowledge from a design activity in the form of design principles, 
as well as the presentation of the design activity and the designed artifacts. Hence, this 
study takes a two-stage approach to design science research that builds on the 
contribution of both the design activity and the design theory. In the first stage, we 
followed Hevner et al.’s (2004) design activity guidelines with the aim of developing 
prototypes for a particular digitally-deprived community, the Chinese agricultural 
communities. In the second stage, we followed Gregor and Jones’s (2007) design theory 
specifications with the aim of developing principles that inform the design of IT artifacts 
for digitally-deprived communities in general.  
2.3.1 Stage 1: Design Activity 
Hevner et al. (2004) provide a comprehensive framework for design-science research 
with seven guidelines: (1) design as an artifact, (2) problem relevance, (3) design 
evaluation, (4) research contributions, (5) research rigor, (6) design as a search process, 
and (7) communication of research. Table 2.3 presents the detailed description of these 





 Table 2.3 Guidelines for Design Activity and Relevance 
Guideline 
 
Description Application to this Study 
Guideline 1:  
Design as an 
Artifact 
Design-science research must 
produce a viable artifact in the 
form of a construct, a model, a 
method, or an instantiation. 
The artifacts produced in this 
study are an instantiation, i.e. 
mobile app prototypes. 
Guideline 2:  
Problem 
Relevance 
The objective of design-science 
research is to develop 
technology-based solutions to 
important and relevant business 
problems.  
The business problem in this 
study is the in-effectiveness (in 
terms of productivity and 
sustainability) of farming 
practices in less-developed 
regions.  
Guideline 3:  
Design 
Evaluation 
The utility, quality, and efficacy 
of a design artifact must be 
rigorously demonstrated via 
well-executed evaluation 
methods. 
The design artifact in this study 
was evaluated with observational 
and description methods given the 
novel and loosely-distributed user 
context.  




research must provide clear and 
verifiable contributions in the 
areas of the design artifact, 
design foundations, and/or 
design methodologies.  
The study attempts to make 
contributions of the design artifact 
and foundations in terms of the 
design principles that are deduced 
from the design activities.  
Guideline 5:  
Research Rigor 
Design-science research relies 
upon the application of rigorous 
methods in both the 
construction and evaluation of 
the design artifact. 
The rigor is to be justified 
regarding the development of IT 
artifacts and user evaluation 
process.  
Guideline 6:  
Design as a 
Search Process 
The search for an effective 
artifact requires utilizing 
available means to reach 
desired ends while satisfying 
laws in the problem 
environment.  
The search of effective artifact is 
primarily based on both the 
iterative review of existing 
knowledge and the longitudinal 
field observation with intended 
users.  
Guideline 7:  
Communication 
of Research 
Design-science research must 
be presented effectively both to 
technology-oriented as well as 
management-oriented 
audiences.  
The report contains both the 
technical components regarding 
the artifact design and the 
managerial component regarding 
the principles derived from the 




With regards to the design evaluation, Hevner et al. (2004) specified five evaluation 
methods: (1) observational method (e.g., case study, field study); (2) analytical method 
(e.g., static analysis, architecture analysis, optimization, and dynamic analysis); (3) 
experimental method (e.g., controlled experiment, simulation); (4) testing method (e.g., 
functional black box testing, structural white box texting); and (5) descriptive method 
(e.g., informed arguments, scenarios). Given that this study focuses on a relatively early 
stage of the innovation process, the case study approach is adopted as the method for the 
evaluation of the artifact. 
This study iteratively went through the DSR process including identifying problems, 
defining and developing solutions, demonstration, and evaluation. Table 2.4 presents the 
two phases of design activities and the associated outcomes as represented with identified 
problems, source of design ideas, designer’s outputs and users’ feedbacks.  
Table 2.4 Design Activities 
 Phase 1 (2012-2013)  Phase 2 (2013-2014) 
Design Activity • Brainstorming the 1st 
problem-solution.  
• Presenting the 1st 
prototype to intended 
users. 
• Upgrading to the 2nd 
problem-solution. 
• Presenting the 2nd prototype 
to intended users. 
Identified Problem Pest infestation. Farming Process Management. 
Source of the 
Design Idea 
Designers’ brainstorming 
based on online search.  
Co-creating value by interacting 
with a group of intended users. 
Designer’s Output Pest Identification 
Technology (M-Pest). 
Farming Process Management 
Technology (M-Farming). 
Users’ Feedback The mobile app, though 
relevant, is not catering to the 
direct and most urgent need 
of the users. 
The mobile app is relevant in 
general, but should be improved 
to be appealing to the decision-
makers who expect immediate 




2.3.2 Stage 2: Design Theory Building 
Based on the design activity involved in the development and evaluation of two 
prototypes of mobile apps through interactions with intended users in a particular 
digitally-deprived community, the study derives design principles that were revealed 
through these activities. We thus follow the ISDT components to develop a 
contextualized ISDT for effective artifact design in digitally-deprived communities. 
Table 2.5 illustrates how we apply the ISDT components to develop this design theory. 
  Table 2.5 Components of an ISDT and Relevance 




“What the system is 
for,” the set of meta-
requirements or goals 
that specifies the type 
of artifact to which the 
theory applies and in 
conjunction also 
defines the scope, or 
boundaries, of the 
theory.  
Purpose: There is need for more specific 
guidance on designing artifacts for the 
digitally-deprived communities due to the 
enduring digital divide issues.  
 
Scope: The aim is to develop a set of 
principles that can guide the design of IT 





Representations of the 
entities of interest in the 
theory.  
A set of design context elements that 
constitutes the four major inhibitors of 
effective use of ICTs in digitally-deprived 
communities: physical, digital, 
capabilities, and social environment 





The abstract “blueprint” 
or architecture that 
describes an IS artifact, 
either product or 
method/intervention.  
A set of design principles is deduced from 
the design context to aid in the effective 
artifact design for potential users in 
digitally-deprived communities (e.g. rural 





The changes in state of 
the artifact anticipated 
in the theory, that is, 
what degree of artifact 
change is encompassed 
The design principles are proposed based 
on the design context of a particular 
digitally-deprived community, namely the 
agricultural communities in China. 
Suggestions for applying or adapting the 
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by the theory.  principles in other industries are given for 




Truth statements about 
the design theory.  
The principles are adaptable to other 
contexts that share one or more common 
socio-economical characteristics with the 





knowledge or theory 
from the natural or 
social or design 
sciences that gives a 
basis and explanation 
for the design (kernel 
theories).  
The principles proposed are derived based 
on two approaches: (1) a deductive 
approach from existing knowledge on the 
challenges of designing IT artifacts in 
digitally-deprived communities, and (2) 
an inductive approach from the new 
knowledge emerging from the undertaken 
design activities and the case-based 
interpretive evaluation in agricultural 




A description of 
processes for 
implementing the 
theory (either product 
or method) in specific 
contexts.  
A set of suggestions for enabling each 





implementation of the 
artifact that can assist in 
representing the theory 
both as an expository 
device and for purposes 
of testing. 
Two mobile apps are prototyped as 
boundary objects (Carlile 2002; Puri 
2007) for communicating with the 
intended users in agricultural communities 
in China.  
2.3.3 Design Evaluation Site 
The agricultural industry in China is selected as the evaluation sites for the current 
research for two reasons. First, the agricultural industry contains a typical example of 
digitally-deprived community, i.e., the farmers, due to their low adoption rate of IT in 
their work and in their daily lives (Venkatesh and Sykes 2013). Second, with the 
emerging trend of IT adoption in the agricultural industry, it raises important challenges 
for the design of relevant and context-specific IT artifacts for the new user groups.  
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The design evaluation for the first prototype was conducted through semi-structured 
interviews in China in 2013. We encouraged the subjects to try the first application and 
subsequently shared their daily problem-solving tasks, information needs and constraints, 
and information technology used. The interviews were conducted throughout a one-
month period of field work, which also included field observations. Preliminary 
interviews were conducted with eight agricultural officers and rural brokers who were 
familiar with the farm work and the main interview were conducted on 10 family farms 
and three corporate farms. Field observation helped in building interpersonal rapport with 
the participants. Preliminary interview helped in preparing expressions and sign language 
for low-literacy farm owners and employees. Both interpersonal rapport and expressive 
oral hints were important factors while the main interviewers were being conducted with 
the  low-literacy users (Gau et al. 2012).  
The design evaluation for the second prototype was conducted using semi-structured 
interview in China in 2014. The subjects were encouraged to try the second application 
and to share their daily problem-solving tasks, information needs and constraints, and 
information technology used. The interviews were conducted through a two-week visit to 
the field and included visits to seven corporate farms. The interviews were conducted 
with both farm managers and farm workers.  
2.4 DESIGN ARTIFACTS  
2.4.1 First Prototype: M-Pest 
Problem Statement 
Pests are responsible for a substantial amount of losses in major crops around the world 
(Oerke 2006). This situation increases the risk of major socio-economic problems such as 
food shortage, hidden hunger, declined income, and poverty (Godfray et al. 2010). The 
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situation calls for effective solutions to control and monitor the adverse effects of pests, 
diseases and abiotic stresses on agriculture in order to increase yields from existing land.   
Solution Scope 
The M-Pest is a pest management application for identifying impending pest problems 
and dispensing cost-effective control methods. The objective of the M-Pest solution is to 
facilitate farmers sharing the identified pest outbreaks, so that appropriate control 
measures are undertaken. The mobile devices play important roles in collecting and 
dispensing the reports and warnings, as well as offering the platform for knowledge 
sharing. 
Artifact Description 
The research team developed the M-Pest system as an instantiation of the design 
framework for pest management in agricultural communities. This system aimed to 
gather pest reports from individual farmers and disseminate information to help farmers 
take timely actions. The key IT artifacts that have been evaluated are three approaches of 
collecting pest reports: text entry, photo-taking and icon selection.  Figure 2.1 presents 




                   
           (Login Screen)                     (Menu Screen)                           (Profile Screen) 
         
(Report pest by taking photo of the pest 
on crop) 
 
(Report pest by entering description of 
the pest problem) 
                   
(Report pest by selecting icons of the crop and pest) 
Note: These screenshots are the English version prototype. The field work used the 
translated Chinese version.  
Figure 2.1 Screenshots of M-Pest  
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2.4.2 Second Prototype: M-Farming 
Problem Statement 
In traditional farming contexts, as well as on many modern farms, the farming process is 
seldom captured, managed and analyzed to improve the effectiveness and efficiency of 
agricultural production. This represents an important area in which digital innovation has 
the potential to transform the traditional agriculture industry. In fact, based on the first 
design evaluation, many informants expressed their aspiration for a computer mediated 
farming process management that can improve their farming efficiency and effectiveness. 
Thus, the second prototype aims to help farmers manage their farming productivity while 
decreasing the time they spend on farm management tasks. 
Solution Scope 
M-Farming is a farming process management application that intends to reshape the 
information management practices during the farming process. To be specific, M-
Farming aims to help farms: (1) optimize productivity by streamlining work routines and 
improve employees’ work satisfaction, (2) grow profitability by promoting customer 
satisfaction, quantity, and transaction volume, and (3) maintain positive farm brand with 
the image of providing secure and trustable products. To achieve these goals, the system 
entails the following two major functional purposes.  
First, the farmers should be able to track every farming activity for raising a unit of crop 
(e.g., user Q fertilized field A using Y amount of fertilizer X at 8am today). Second, 
farmers should be able to trace crop outcomes with related activities over space and time 
(i.e. section of the farm where an activity took place, date & time of each activity).  
The user interface is designed by the research team to include gamification elements and 
visualization techniques, ensuring the ease of use by both literate and semi-literate users. 
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A minimalist approach to interface design provides only the essential functionality in 
intuitive form and keeps the process simple, allowing users to remain calm and free of 
stress. The system can be accessed from the web, desktop or mobile device (Android, 
iOS, or Windows).   
Artifact Description 
M-Farming aims to facilitate the farming process management for every farm owner or 
worker. Farming is a complex economic and social activity, consisting of multiple 
entities and procedures. At a primary level, the farming process can be conceived as the 
sequence of procedures that contributes to raising a unit of crop, starting with sowing and 
ending with the harvest.  
Thus, the current solution involves a set of major farming entities, which are highlighted 
in the following description. A farm refers to a unit of a farming group, which 
encompasses various major properties. Farmland is the minimum unit of connected arable 
land for raising crops. A farm may own one to multiple farmlands that are located at 
different places. A farmland is made up of one to multiple fields (i.e. seed batch or trees), 
which is the minimum unit of arable land for raising one type of crop each time. 
Personnel includes three major types: farm owners, farm workers (including production 
directors, full-time workers, and part-time workers), and customers (including both 
product consumers and farmland renters). The crop refers to the set of crops that are 
raised by the farm. Material refers to pesticides, fertilizers and other farming materials 
used on the farm.   
Besides the above properties, a farm also entails a series of longitudinal farming events. 
A farming event refers to the crop cultivation per type per field per period (a fix set of 
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what, where and when event) through a set of farming activities. Figure 2.2 presents the 
interfaces of the M-Farming application.  
          
    (Homepage)                           (Login)                             (Create a new farmland) 
                 
    (Draw the farmland)                           (Add crop icons to farmland) 
Figure 2.2 Screenshots of M-Farming 
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        (Navigation Bar)                                  (Icon-based function selection) 
                            
(A pictorial-based task: Add storage)                   (A text-based task: Add pest control) 
Note: These screenshots are the English version prototype (HTML5 web version). 
The field work used the translated Chinese version deployed on the smart phone. 
Figure 2.2 (Continue) Screenshots of M-Farming 
 
2.5 FINDINGS AND INTERPRETATION 
2.5.1 Design Context 
The two applications described above were designed in a context undergoing significant 
shifts. The Chinese agricultural industry, similar to many other industries in China, is 
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undergoing significant transformation in its institutional environment, market dynamics, 
and underlying processes. This research through the multiple design-oriented interactions 
with actors in the field revealed many of these changes. First, the dietary habits of 
Chinese people have been transformed drastically over recent years due to rapid 
economic and income growth, urbanization, and globalization (Ito 2015). For example, 
the rise of a wider middle class in urban areas has shifted consumer tastes and increased 
the demand for products that have not been part of the dietary habits of the general 
population, such as tropical fruits, organic milk and eggs. Second, another shift that 
became apparent through this study is a drive towards sustainable farming, mainly 
through the adoption of organic farming practices. This shift is in part instigated by an 
increasing concern amongst consumers on food security (Sun 2014), as well as concern 
among producers for the sustainability of their resources (Tilman et al. 2002). Third, the 
study also revealed a rising popularity of leisure farms and family farms which are highly 
supported by national policies (Su 2011).  
The farming sites included in this study reflected many of these changes across a range of 
farming types, including both organic and non-organic farms, leisure and production-
oriented farms. These farms produce various types of crops, including vegetables, grains, 
and fruits. This highly diverse and rapidly changing environment constituted the 
underlying design context to which a wide range of technologies are introduced on a 
regular basis. It was also the design context that helped shape the mobile prototype that 
was developed for this study.  
The findings with regards to the context that defined this study’s design approach using 
the four elements presented in earlier sections are namely physical, digital, capabilities 
and social environments. 
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Physical Environment: Existing IT Artifacts 
This thesis identified four types of existing digital technologies that have been in use on 
most of the farms: social networking tools (e.g. sina microblogging, wechat, etc.), office 
utilities (e.g. word, excel, etc.), weather forecast tools (e.g. Moji mobile app), and general 
search engines (e.g. Baidu). The social networking tools are used to manage employees, 
task assignment or communicate urgent problems. They may use the photo sharing 
function in social networking tools to communicate urgent problems by capturing the real 
situation on a photo and sharing it with others, e.g. pest infestation, crop disease, soil 
dehydration, etc. As weather is an important factor to agriculture, most informants use 
mobile apps, such as Moji, to get weather information that can help them take timely 
decisions in reaction to weather changes. Office utilities are used for production planning 
or for tracking farm-related data. Some young farmers may use search engines to seek 
online knowledge on farming techniques. These IT artifacts in use shaped the actors’ 
understanding of the role of IT in farming work and influenced the possibilities of action 
that they could perceive in other technologies.   
The farms have different level of exposure to these IT artifacts, including minimal 
exposure (probably only having feature phones for voice calls), low exposure to basic 
functions (e.g., weather forecast portals, instant messaging tools), medium exposure to 
simple information processing tools (e.g., office utilities, search engines), and high 
exposure to complex information processing tools (e.g., enterprise information systems).  





Table 2.6 Different Levels of Exposure to IT Artifacts 
Level of 
Exposure 
Example of IT Artifacts Farms  
No Exposure Feature phone with voice call. Farm B, C; 
Family Farm 4, 6, 7, 8, 9, 10. 
 
Low Exposure  Weather forecast portal; 
Instant messaging. 
Farm J, I;  





Advanced social networking 
functions (social tagging, 
creating post, etc.). 
Farm D, E, F, H; 
Farm A (in 1st visit). 
High Exposure Enterprise information systems. Farm A (experimental stage 
during the 2nd visit). 
 
Digital Environment: Local Experience versus Scientific Knowledge 
Historically, farmers depend highly on the accumulated local knowledge, or experience, 
to manage the farmlands and crops. Accordingly, in the case study, a strong tension 
between local knowledge (i.e. experience) and scientific knowledge (i.e. expertise) was 
observed. First, while people with local knowledge were seeking accessibility to more 
scientific knowledge, they often did not have the capabilities to translate it into their daily 
practices. Second, people who have access to scientific knowledge, through formal 
education or interaction with scientific communities, were interested in local knowledge 
for supplementing their know-how. Yet, they did not have a formal approach to acquiring 
it or incorporating it in their methods for addressing local challenges. Third, this tension 
made many study participants ambivalent towards the role of digital technology in 
supporting their knowledge processes.  
For example, a farm owner who was new to the agricultural industry pointed out the 
challenges he faced in getting access to experts who can provide him with advice and 
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best practices for the management of his kiwi trees; that is despite the fact that he 
employs an old farmer with extensive farming experience. On the other hand, another 
farm owner faced challenges in getting advice from local farmers’ accumulated 
experience, due to the difficulty in accessing and communicating with these local farmers.  
The digital environment in this case reflected a very limited availability of codified 
agricultural knowledge in digital form, and an almost complete absence of any digitally 
supported access to local farming knowledge. In fact, many farmers expressed interest in 
having access to informative or interactive digital platforms that can address their 
frustrations in accessing expertise and in collating local experiences.  
Capabilities Environment: Goals, Literacy and Labor Demand 
The main issue with regards to human capabilities in this context was the level of literacy 
of the farmers. It was found that their status of illiteracy or semi-literacy was consistent 
with prior literature, which is reviewed above. For example, most of the farmers were not 
able to try out our prototypes due to their difficulty in reading and writing. Other farmers 
were also reluctant to work with smart phones and mobile applications due to their 
limited digital literacy, despite their ability to read and write. In other cases however, 
farmers with low literacy levels were able to overcome their limitations and engaged with 
the app, trying to make sense of its pictorial symbols.     
Besides the literacy challenges, two other challenges related human capabilities were 
observed. First, the goals that were pursued by informants influenced their attitude 
towards the use of IT. Some of the main goals that motivated the farmers to pursue 
changes to their farming process, including digitally-supported changes, were higher 
productivity, increased profits, and better food quality (i.e. taste, color, size, etc.). 
Sustainability was also a common goal for many actors, but in many cases it was 
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motivated mainly by branding purposes. Yet, the goals varied across the roles of 
informants and types of farms. Farm owners and production directors tended to focus on 
efficient farm management, adoption of organic farming practices, effective worker 
management, and the financial viability of the farm. On the other hand, part-time workers 
were more focused on their daily tasks with limited interest in the basis or objectives of 
those tasks. This attitude can be at least partially attributed to the payment mechanism for 
part-time workers. Most of the farms pay part-time workers on a daily or hourly basis, 
regardless of the quantity or quality of work being performed. This diminishes the 
motivation for part-time workers to enhance their work performance. One part-time male 
worker explained this situation by stating:  
“I am only responsible for watering and spraying pesticides. He (the 
production director) tells me the area that I should work on. Then I 
follow his procedure. … Whether I have finished or not, I still stay here 
for 8 hours and then continue to do it the next day. If there is any change 
to my work, he will come to tell me. … I can get 100 (RMB) per day. But 
some older workers or female workers cannot do much work, so they 
may only get 50 (RMB).” 
The salary varied across age and gender for part-time labors who receive daily payment 
(i.e. daily-rated labor). Generally, a young-male worker’s salary was twice that of a 
female worker or an old-male worker. Given such payment mechanisms, the part-time 
workers seldom showed incentives in improving work performance through use of 
technology, which was perceived as an additional task to them. On the contrary, the 
salary for full-time workers and production directors are monthly based, in the form of 
either fixed payment or performance-based payment. Among the 10 farms surveyed for 
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design evaluation, only one farm adopted the explicit performance-based payment, while 
the rest might provide other incentives such as promotion or better bonus. This condition 
affected how these farmers approached technological innovation in their work practices. 
For example, one old farm worker reacted by stating:  
“People at my age may have difficulties in changing my current farming 
habit. It is more suitable for the younger generation, like my children.”  
This attitude is mainly induced by their lack of motivation in improving performance 
which in turn reduces their intention to explore new technologies that may be of value to 
them. However, these conditions and their corresponding structures are changing with the 
increasing shortages in the availability of farming workers. In addition, there is a 
seasonality fluctuation in labor demand and supply which intensifies the problem of labor 
shortage (Kanwar 2004). We observed that the inadequate labor demand represents the 
third challenge induced by human capabilities. As one production director at Farm D 
explained:  
“The number of people who can do hard work on the field is decreasing 
because the salary is low in the agricultural industry. … Sometimes we 
cannot find enough part-time workers during peak seasons. … We can 
only extend the working hours and pay extra to the current part-time 
workers.”  
This issue can be, at least partially, attributed to the increase in rural to urban migration in 
China (Zhang and Shunfeng 2003). In fact, studies have suggested that China may be 
entering a period of labor shortage where near-unlimited supply of cheap migrant labor 
from the country’s interior can no longer be taken for granted (Deininger et al. 2014). 
This shortage in manpower is generating interest in technological innovation as a means 
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for reducing its effect on the farming process. This interest is also inspired by experiences 
from other countries, as a production director at explained:  
“We visited farms in New Zealand. Most of the time, they use intelligent 
technologies to replace manpower.”  
Thus, the range of capabilities available in this field, as well as the goals towards which 
actors in the field were willing to deploy those capabilities, were key elements that 
defined the context for designing new artifacts for agricultural communities in China.   
Social Environment: Task and Community Norm 
The social environment is represented in two dimensions: the task in the farming process 
and the community norm. The farming process is generally isomorphic across different 
types of farming tasks. It includes production planning, fieldwork (e.g., plowing, sowing, 
weeding, watering, pest control, harvesting), and fieldwork management. We observed 
several characteristics of tasks in the farming practice.  
First, the task division is flexible in the production process. Generally, farm owners and 
production directors are in charge of production planning. Full-time workers are in 
charge of fieldwork management. Part-time workers are generally the ones who do the 
field work. This division of tasks represents the overall hierarchical structure of many 
farms in China. But the tasks are not mutually exclusive. Unclear boundaries between the 
tasks reflect an informal and unstructured approach to process management in the 
traditional farming sector. For example, all actors may participate in field work at any 
point of time, just as one informant explained: 




Second, while routine tasks dominant the daily work of farmers, non-routine tasks 
emerge during unexpected situations. Non-routine tasks often constitute an important 
basis for innovation and change in practices. For example, an informant described a 
special pest infestation that the farm encountered by stating:  
“For example, there is a severe pest infestation this spring. We thus 
made the soap water that can expel those pests and spray the soap water 
(on the farmland).”  
Third, there are both labor-intensive tasks, such as harvesting and packaging, and 
mental -intensive tasks, such as pre-production planning. While the mental- intensive 
tasks are performed by farm owners or production directors, the labor-intensive tasks 
are usually performed by a group of farm workers, being either full-time or part-time. 
For instance, a farm owner reported that: 
"(the tasks are done) by groups. For example, they (the farm workers) 
harvest different vegetables and bring back the vegetables together for 
cleaning and packaging.” 
In terms of the community norms, it varies based on the type of communities or ages of 
farmers. Generally speaking, the young or old farmers may be willing to share their 
experience while the middle-aged farmers may be reluctant to share their experience as 
they still need to remain competitiveness in the job market. For example, a young 
informant in his 30s perceived a positive sharing norm within the farm: 
“Currently, the communication within my team is very smooth. Firstly, 
my team is small. Second, in my working environment we stay and eat 
together. We can discuss most of the issues during lunch time.”   
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However, there are also communities that hold a negative sharing norm. For example, an 
informant in his 40s holds a negative sharing norm: 
“I just tell them (part-time laborers) that tasks that they need to do for 
each day. If I tell them everything that I know, there is no value in me as 
being their farming director.”  
The above task and community norms that were detected throughout the evaluation of the 
two mobile apps set the background against which they were developed and defined the 
context that shaped their current and future design. Thus, these norms and other 
environmental factors discussed above provide an image of the conditions of digital 
deprivation from which a set of design principles for digitally-deprived communities was 
derived.       
2.5.2 Design Principles 
To identify some principles that can guide the design of digital artifacts for digitally-
deprived communities, an iterative recursive approach, moving from this study’s 
interpretations of the design process to a generated list of principles and back, several 
times before abstracting to major themes constituting the main design principles. Each of 
the identified design context instances were examined to discover its enabling principles, 
and then filtered and consolidated to enable themes that initially emerged from the data 
interpretation through a process of iteration and reconciliation. Thus five general 
principles that are particularly important when designing IT artifacts in digitally-deprived 
communities: progressive digitalization, symbolic flexibility, knowledge alliance, local-
norm adaptation, and human involvement were discovered.  
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Principle 1: Progressive Digitalization 
A key lesson gained from the design activity is that digitalization should be conducted 
progressively by introducing artifacts based on the starting point of the intended users in 
terms of acquaintance with digital technology, and progressively expanding the range of 
activities supported by digital solutions. Instead of trying to digitalize a wide range of 
activities and operations at once, starting with a limited level of digitalization provides 
the users with opportunities to acquaint themselves with digital solutions for their work 
and helps them make sense of subsequent digitalization attempts.  
However, the design of the two mobile apps also revealed the common challenge of 
deciding which artifact should be designed and introduced first to the intended users. 
Two critical questions needed to be clarified in addressing this challenge: whether the 
digital service fulfills the most urgent goals of the intended users (e.g. improved yield and 
profit), and whether the digital service provides the basis for starting the desired 
transformation (e.g. information recording). For example, a farm owner expressed his 
concern after experiencing the pest management app by stating:  
"It is not the most important requirement to take the photo of pests (for 
pest management), instead we need experienced people to conduct 
careful observation and provide suggestions (on how to ensure the yields 
of crops during pest infestation)."  
This example indicates that before going into sophisticated technologies that address 
more advanced tasks, digitalization should start with the most immediate needs of the 
community and use that digitalization as a basis for introducing more advanced 
technologies. This principle is supported by the progressive exposure theory, which 
posits that a human’s feeling of fear gradually fades if a feared object is gradually 
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exposed to him or her (Wilson and Davison 1971). For digitally-deprived communities 
where most people are not always receptive to new technologies, digital innovation can 
be feared in the initial adoption, but the fear can be gradually overcome by targeting the 
most immediate and impactful needs of the users for early digitalization.  
Principle 2: Knowledge Alliance 
Another key lesson gained from the design experience is the importance of creating 
knowledge alliance between local knowledge and scientific knowledge in communities 
where they constitute a different basis of decision making and work practices. The 
concept of “knowledge alliance” between the multiple types of knowledge co-existing in 
such contexts has been proposed by Puri (2007) as an important condition for the 
effective development and implementation of digital solutions. Our design methodology 
confirms it as an important design principle for the digitally-deprived.  
In fact, many study participants presented the tensions between local and scientific 
knowledge as a common challenge for the farmers. For example, a farm owner expressed 
the need of local knowledge as a complementary source of knowledge for the young 
employees who have usually acquired some scientific knowledge through formal 
education or technology use. He commented: 
"We are trying hard to push my young employees to the production line, 
offering them the opportunity to work in the field and accumulate 
experience from older farmers. The young generation who have modern 
technologies, if equipped with experience from old generations, may be 
able to take over the agriculture production in future."  
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On the other hand, another farm owner, in reflecting on new functionalities would like to 
add to the app design, highlighted conditions in which scientific knowledge would be an 
importance source to complement the local knowledge. He commented: 
“When I have difficulties in managing the kiwi farm, I always call my 
friends who also grow kiwi. But different friends may tell me different 
methods. It is so hard to decide. In this situation, I hope you can provide 
me with the suggestions from experts.” 
These examples indicate that both local and scientific knowledge are required in 
facilitating agricultural decision making. Without the scientific knowledge, it may be 
hard to make the most effective decisions given that local knowledge is usually varied 
with personal experiences and preferences. Without the local knowledge, it may be 
inefficient in performing farming tasks as most daily practices are experience-driven and 
which have not been converted into a piece of scientific knowledge that can be accessed 
online. This design principle is consistent with prior findings in similar design contexts. 
For example, the protection of local knowledge has been highlighted by Cox (2002) when 
discussing the role of IT in precision agriculture and sustainability.  
This principle is supported by the selective exposure theory, which posits that people tend 
to select specific aspects of information based on their own prior beliefs, attitudes, and 
decisions (Frey 1986). What constitutes local knowledge has been treasured for decades 
in local communities such as agricultural communities. It thus represents cognitive and 
behavioral background through which such communities approach the more formalized 
form of knowledge. It is therefore important to incorporate its implications into the 
design of new digital artifacts.  
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Principle 3: Symbolic Flexibility 
A third principle derived from this study is the design activity is the importance of 
symbolic flexibility, particularly in the design of the user interface. This principle 
suggests that design for the digitally-deprived should account for users with varying 
literacy levels, including digital literacy. By introducing both textual forms and pictorial 
forms of interfaces to the users during the first evaluation, several study participants were 
unable to try the textual version since they were either literally unable to read and write 
(e.g. informants of family farms 4, 6, 9, 10), or have difficulty in recognizing the word 
under strong light which is a common condition in the outdoor farm environment where 
the study took place (e.g. informants of family farms 1, 8). The pictorial interface with 
either icon-based selection or direct photo-taking was more usable to these participants, 
yet many still had difficulty in using them due to their limited exposure to mobile 
applications and smart phones in general.  
However, symbolic flexibility goes beyond a simple selection between textual and 
pictorial symbols. The chosen symbols need to support the image that the users had of 
their practices and their environment. For example, the second mobile app prototype 
adopted a graphic design that tried to mimic the real layout of a farm by incorporating 
icons that depicts multiple partitions of the farm (Figure 2.2). This user interface 
prototype was easily recognized by many participants as reflective of their farm context. 
For example, one participant commented shortly after opening the application:  
“It looks the same as my farm”.  
Other participants however expressed the need for better mapping between their actual 
farm layouts and the symbolic representations in the app. This highlights the importance 
of maintaining the meanings of adopted symbols flexible enough to account for the users’ 
50 
 
literacy level, knowledge orientation, and living experience. This situation is also found 
by prior works that deal with informants in other digitally-deprived communities. For 
example, Medhi et al’ (2011) evaluated mobile banking and healthcare applications with 
low-literate subjects in India and found that textual interfaces are unusable or error prone 
to the subject and three test free interfaces (i.e. spoken dialog, graphical interface and live 
operator) worked much better in terms of the task completion time and accuracy. Their 
finding aligns with the situation in the evaluation of the first prototypes in this study.  
Principle 4: Local-Norm Adaptation 
A fourth principle derived from the design activity is that the design elements should 
adapt to local norms. For example, when designing a functionality that supports the 
recording of the irrigation activities, the participants expressed their concern that, in 
actual practices, they do not rely on volume (in liters) to measure the amount of water 
used. Instead, the local norm for calculating the amount of water being used during 
irrigation is based on the duration of irrigation. This is due to the fact that the cost of 
irrigation in this context is charged by the amount of electricity being used for pumping 
water from the wells instead of the volume of water being consumed. A participant 
explained this situation by stating: 
“That is too optimistic (to record irrigation volume by the liters of water), 
though you can still calculate the liters. But in my village area, irrigation 
uses the wells provided by the government. There is an electricity meter 
on each well. When a family irrigates, the electricity meter will calculate 
the time of using electricity in irrigation. For example, if you irrigate for 
three hours, you use three hours' electricity. Then the government will 
charge you a three-hour electricity fee. The water fee is free. So the unit 
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for recording irrigation volume is the frequency of irrigation and the 
duration of irrigation.”  
Such local norms may deviate from the standard practices in established technology 
applications to the agricultural sector. However, they need to be taken into consideration 
in any design of digital technologies in order to make it more relevant to the intended 
context. 
Principle 5: Human Involvement 
The fifth principle that was derived from the design experience is the significance of 
human involvement, including both technological and human elements in the conceived 
functioning of the designed artifact. In fact, a number of study participants expressed the 
expectation that actual people be involved in the functioning of the digital solution, 
instead of purely machine-based interaction. They had more trust in humans than 
computers in certain areas of practice; people were perceived to be more responsive and 
flexible in addressing problems.  For example, a farm owner expressed his concern 
regarding a functionality in the mobile app that would notify him that it is time for a 
specific farming operation or event (e.g. sowing, watering, harvesting, etc.) to take place. 
He expressed doubts that it would be useful if it is provided without the participation of 
an actual person in the backend. He stated:  
“It will be good to have an event notification function, but it requires a 
close interaction (with individuals on the ground). If I don’t update what 
happens on my side, [the app’s] notification will not be useful. For 
example, if my trees have already died, it will not make sense if you still 




In the family farm settings, human involvement implies the involvement of an 
agricultural expert. Many family farmers are used to seeking advice from the agricultural 
technicians in their village (usually government officers). For example, a family farmer 
expressed his interest in having the mobile app enable his interaction with experts by 
stating:  
“We used to rely on agricultural technicians at the government-based 
agricultural station for problem solving. But government is paying less 
attention to this function, because their time is very limited. My problems 
often require face-to-face communication, and is very time consuming 
for them to go to the field and solve the problems for various families 
even in a single production team (the basic agricultural collective unit). 
But if there is a common platform where we can get together, I think it 
will be feasible for the agricultural technicians to solve more problems.” 
This principle is supported by findings from agricultural studies in India. For example, 
Digital Green is a project supported by Microsoft Research India that has attempted to 
disseminate targeted agricultural information to small and marginal farmers using digital 
video (Gandhi et al. 2007). Unlike other systems that depend on static information in the 
dissemination of knowledge to farmers, Digital Green works with local farmers to build a 
digital platform for sharing context-specific practices using video. In theory, this 
principle is also supported theoretically by the construal level theory of the psychological 
distance (Trope and Liberman 2010). Digitally-deprived communities have less 
interaction with digital technologies compared to people in their local community. 
Therefore, they usually construe the technology as more psychologically distant 
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compared to individuals. Human involvement in the design of the digital artifact can help 
in mitigating the effects of this psychological distance.   
 
Figure 2.3  A Contextualized IS Design Theory on Designing for Digitally-Deprived 
Communities  
2.5 DISCUSSION 
This study suggests various elements for defining the design context and proposes a set of 
design principles that are particularly relevant when designing IT artifacts for digitally-
deprived communities. Figure 2.3 summarizes the above findings as a contextualized IS 
design theory for digitally-deprived communities based on the evidence gathered from an 
actual design experience for the agricultural communities in China.  
Design Context experienced by 
intended users in the digitally-
deprived communities 
• Physical Environment: 
Existing IT Artifacts 
• Digital Environment: 
Availability of local/scientific 
knowledge in digital form 
• Capabilities Environment: 
Literacy, goal and labor  
• Social Environment: Local 
tasks and norms 
 
Design Principles 
• Progressive Digitalization: Delivering the digital artifacts on a gradual 
basis to build momentum for wider digitalization when needed. 
• Knowledge Alliance: Supporting the use of both local experience and 
scientific knowledge. 
• Symbolic Flexibility: The design should be flexible for users to adapt 
to their literacy levels and living experiences. 
• Local-Norm Adaptation: Design details should take into consideration 
the local norms besides established standards. 
• Human Involvement: Involve both humans and machines in the 









The theory reveals five principles that can guide the design of IT artifacts for digitally-
deprived communities, including progressively digitalization, knowledge alliance, 
symbolic flexibility, local-norm adaptation, and human involvement, based on the design 
context that includes physical, digital, capabilities and social environments.  
While some design contexts and principles are consistent with prior findings, this study 
also identified new design contexts and design principles. On the one hand, the design 
context concerning literacy challenges, knowledge tension, and limited online data are 
consistent with the literature that has been reviewed. The design principles about 
knowledge complementation and symbolic flexibility also align with prior findings in the 
digitally-deprived communities. On the other hand, the challenges induced by goal 
variation, decreasing labor demand, limited existing IT artifacts (rather than the lack of 
basic infrastructure) are newly discovered design contexts that may shed light on the 
opportunities for digital innovations. The principles for progressive digitalization, local-
norm adaptation and human involvement are also emphasized in this study, which may be 
overlooked in prior studies.  
2.5.1 Implications for Theory  
The study offers theoretical implications for two disciplines of IS literature. First, this 
study contributes to the ICT for development (ICT4D) literature by suggesting an 
analytical basis for conceiving the context of the intended users for the purposes of 
design for digitally-deprived communities. Developing appropriate approaches for taking 
the context of design and implementation into consideration has been an ongoing 
challenge in the ICT4D literature (Walsham et al. 2007). A better appreciation of the 
context in the design process can help reduce the risk of potential mismatch between the 
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designed artifacts and realities on the ground, which is a common challenge when 
designing for digital-deprived communities (Heeks 2002).  
Second, this study contributes to research that aims at developing design theories by 
proposing some design principles that are specific to digitally-deprived communities. 
These principles, which can be considered as design artifacts in themselves, have been 
abstracted from the particular instantiation of the design activity,  and fall therefore into 
the second level of design theory suggested by Gregor and Hevner (2013), which 
includes any nascent design theory – knowledge as operational principles/architecture 
(Gregor and Hevner 2013, p.342). They do however form a potential building block for a 
more developed design theory for conditions of digital deprivation, as suggested by the 
model proposed in Figure 2.3. This design theory for digitally-deprived communities can 
be used for both descriptive purposes in attempts to make sense of existing design 
activities and for prescriptive purposes as guidelines for design studies in the context of 
digitally-deprived communities.  
2.5.2 Implications for Practice 
The study suggests several practical implications for technology designers, organizational 
managers and entrepreneurs. On the technology aspects, the design principles discussed 
in this study provide actionable guidelines for designers and developers to craft the IT 
artifacts that can be easily adopted by their intended users. Many technology designers 
understand quite well the challenges of designing for a digitally-deprived context 
compared to designing for an environment where users have multiple and varied 
experiences with digital technologies. However, they lack evidence-based and specific 
guidelines for how to address these challenges. This paper provides some guidelines in 
this direction that can be built upon in future studies.  
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On the managerial side, the design context as defined in this study provides informative 
references for managers and entrepreneurs to understand the needs and constraints of 
their intended users in the emerging economies. For example, with China emerging as a 
major source of IT innovation, the contextual realities that determine the appropriateness 
of any design are continuously shifting, which creates major challenges for organizational 
managers and IT entrepreneurs. The proposed model offers them a conceptual basis for 
making sense of the changing contextual conditions, by highlighting the multiplicity of 
the environmental factors that need to be taken into account.   
Also, since agriculture is a major industry in China and in many other countries, the 
majority of the population is either a stakeholder or a consumer of the sector, with ever 
increasing concerns over questions of sustainability and food quality. The study thus 
offers practical insights for digital designs in one of the main areas of societal 
transformation in both developing and developed countries.  
2.5.3 Limitations and Proposals for Future Research  
The study is not without limitations. The set of design principles presented above is 
intended as a general guide for delivering digital innovations to the digitally-deprived 
communities. However, we do not claim its completeness as there are many areas, such 
as visualization design, where it is not possible to articulate all the contingencies and 
therefore not all of them can be addressed explicitly (Chaturvedi et al. 2011). In this 
regard, the design principles are necessary yet not sufficient conditions for enabling 
digital innovations in the digitally-deprived communities. Future research may seek to 
extend the set of principles by investigating other possibilities from more digital 




CHAPTER 3 STUDY II: ENGAGING DIGITALLY-
DEPRIVED COMMUNITIES IN VALUE CO-CREATION 
 
3.1 INTRODUCTION 
Prior research on the digital divide has primarily focused on the challenges of enabling 
access to and adoption of information and communication technologies (ICTs) by 
digitally-deprived communities. This focus was grounded on a provider-centric view 
that emphasizes the provision of technological resources and user training (Dewan and 
Riggins 2005; Srivastava and Shainesh 2015). Such a perspective is valuable for contexts 
in which (1) the basic digital infrastructure (e.g. broadband, computers, mobile devices, 
etc.) is unevenly accessible or affordable, and (2) the providers are familiar with the 
needs and challenges of the intended users (Heeks 2002; Walsham and Sahay 2006). 
However, in emerging economies where governments and organizations have made 
significant investments in ICT infrastructures, the digital divide has shifted from the 
global scale, where technology infrastructures are unevenly spread between developed 
and developing nations, to the community scale, where relevant digital products and 
services are inequitably distributed among different societal groups (Avgerou and Madon 
2005; Srivastava and Shainesh 2015).  
The condition of digital deprivation in these communities is exacerbated by the new 
modes of digital innovation. These new modes not only result in higher rates of 
innovation that widen the digital divide, but they are based on processes that tend to be 
exclusionary of those who are still deprived of the benefits of digital technologies. In 
particular, much of IT value is increasingly created through processes of value co-
creation (Grover and Kohli 2012; Prahalad and Ramaswamy 2004a); that is processes of 
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improving the relevance of digital products or services through the participation of 
intended users (Kankanhalli et al. 2015; Ye et al. 2011). However, an important 
assumption in value co-creation is that the engaged users are “informed, connected, 
empowered, and active” (Prahalad and Ramaswamy 2004a; Prahalad and Ramaswamy 
2004b). Many of these conditions do not apply in digitally deprived communities, 
resulting in an intensification of their existing digital divide. Therefore, to ensure that the 
new modes of digital innovation, such as value co-creation, are reducing instead of 
widening the existing digital divide, their modalities need to become inclusive and 
supportive of digitally deprived communities. But how can IT value be co-created with 
users with little exposure to IT?  
This research looks into the modalities of value co-creation in digitally deprived 
communities as a means to addressing the challenges of the digital divide and facilitating 
a more equitable development across and within nations. One key modality of value that 
has been identified in the literature is that of  ‘communication encounter’ (Payne et al. 
2008). Communication encounters are moments of dialog between providers and users 
regarding the products or services being co-created. Theoretically, this study approaches 
the process of communication encounters through the lens of technology affordances 
and constraints (Majchrzak and Markus 2012), which offers a practical view to the 
dynamic interactions between people and technology (Zammuto et al. 2007). Specifically, 
technology affordances refer to the possibilities of action that an individual with a 
particular purpose perceives in a technology, while technology constraints refer to ways 
in which an individual perceives that he or she can be held back from accomplishing a 
particular goal when using a technology or system (Majchrzak et al. 2013). Within 
communication encounters, articulations of affordances and constraints can become 
boundary objects (Carlile 2002) between users and providers, and help both parties 
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develop a shared understanding of the digital artifact. This study, therefore, raises the 
following two research questions: 
1. What are the mechanisms of value co-creation in digitally-deprived communities, 
specifically in the Chinese agricultural communities? 
2. How does the perception of technology affordances and constraints inhibit or 
enable value co-creation in digitally-deprived communities, specifically in the 
Chinese agricultural communities?  
This study empirically explores the modalities of value co-creation and their relation to 
the perception of technology affordances through a study within the context of 
agricultural communities in China. This study examines two forms of Chinese 
agricultural communities, i.e. the family farms and the corporate farms. An interpretive 
case study as the main mode of inquiry (Walsham 1995) is used as well as a process view 
to analyze interviews and observations based on the introduction of a farm management 
mobile application introduced by the research team into the research sites. The analysis 
reveals three distinct mechanisms of value co-creation with digitally-deprived 
communities, namely affordance retrospection, affordance exploitation, and affordance 
prospection. This thesis shows empirical evidence suggesting that an individual’s 
perception of technology affordances evolves over time and the range of an individual’s 
perception of technology affordances might affect his or her effective engagement in co-
creating IT value. 
This research aims to make several contributions. First, by approaching the digital divide 
from the angle of value co-creation, this thesis points to a significant challenge for the 
future of innovation in digitally deprived communities, but also an opportunity for 
generating contextually relevant digital solutions for these communities. Second, a 
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theoretical framework for conceptualizing the mechanisms and enablers of value co-
creation that are particularly salient in conditions of digital deprivation is discovered. 
Third, this thesis points to the technology affordance literature by providing an empirical 
analysis of technology affordances and constraints in the context of agricultural 
communities and by proposing a new topology that reflects the temporal shift of 
affordances. These theoretical contributions offer various practical insights such as 
highlighting the role of value co-creation in bridging the digital divide and in 
emphasizing the need to expand the range of affordances perceived by potential users.  
3.2 LITERATURE REVIEW AND THEORETICAL FRAMEWORK 
3.2.1 Digital Divide and Value Co-Creation 
Dewan and Riggins (2005) and Wei et al. (2011) have identified three levels of digital 
divide between the haves and have-nots of digital capabilities. The first level is a divide 
in the accessibility of IT, covering both product access and service access. The second 
level is a divide in the ability to use IT, covering both computer skills and computer self-
efficacy. The third level is a divide in the outcome of using IT. This study, reference is 
made to groups and communities who are on the wrong side of the digital divide at any of 
these levels as “digitally-deprived communities”. Such communities are prevalent in both 
developed and developing countries and they include, for example, rural farmers, elders, 
and people with disabilities that limit their ability to use IT. 
The majority of prior digital divide initiatives and research adopt a provider-centric view 
that approaches the challenges of the digital divide from the perspective of the providers 
of digital solutions or their corresponding infrastructure and user training (e.g. Braa et al. 
2007; Heeks 2002; Miscione 2007; Srivastava and Shainesh 2015; Venkatesh and Sykes 
2013). However, an emerging phenomenon in digital innovation builds on the input of 
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users or customers in both the design and usage of technology that are shifting away from 
a provider centric view to a view in which both the designer and the user are dynamically 
implicated in the innovation process.  However, digitally-deprived communities are often 
seen as lacking the capability to participate in such processes (Zheng 2009) and to be 
involved in directly shaping digital solutions to be more relevant to their context 
(Lundvall 2009). As such, the digital artifacts may be used by digitally-deprived 
communities without fully actualizing its potential or in a way that is not intended by 
providers (Majchrzak and Markus 2012).  
The idea of “value co-creation” was developed in the marketing literature to indicate the 
value that firms create with the engagement of customers (Prahalad and Ramaswamy 
2004a; Prahalad and Ramaswamy 2004b). In the IS literature, the focus of value co-
creation has been on the co-creation of IT value with the intended users. In a 2012 special 
issue of “MIS Quarterly” on co-creating IT value in a multi-firm context (Grover and 
Kohli 2012), value co-creation was investigated empirically in a variety of organizational 
contexts, such as small independent software vendors in the enterprise software industry 
(Ceccagnoli et al. 2012), firms participating in the open innovation alliance (Han et al. 
2012), firms in the logistics industry (Rai et al. 2012), and B2B alliances between ERP 
vendors and their partners (Sarker et al. 2012).  
Most extant studies on value co-creation assume that users and customers have the 
requisite information and capabilities to participate in the co-creation process (Prahalad 
and Ramaswamy 2004b). However, many communities do not meet these requirements 
and are consequently excluded from the value co-creation process. Yet, the 
transformative potential of digital technologies remains high in such communities, which 
are often in conditions of digital deprivation, if the modalities of value co-creation can be 
understood and adapted to their specific context. It is thus important to understand the 
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challenges and enablers of co-creating IT value through engagement with digitally-
deprived communities.  
3.2.2 Value Co-Creation and Communication Encounter 
The process of value co-creation unfolds through a series of interactions occurring 
between the user and the supplier (Payne et al. 2008). These interactions influence the 
user and the provider in a way that is generative of novel and relevant solutions, as well 
as new understanding of existing challenges. To achieve these objectives, the value co-
creation process needs to take the form of a dialog between users and providers, or what 
has been termed in the literature as communication encounters (Payne et al. 2008). The 
effectiveness of communication encounters is contingent on the distance between user’s 
and provider’s mental model, which influences their shared understanding of “the users’ 
taste, competencies, motives, aspirations, political prejudices, and the rest” (Akrich 1992).  
As the providers’ mental model is composed using his or her preexistent knowledge and 
competencies related to the innovation process and his or her conceptual model in the 
image of the system, the providers’ expectations and the user’s satisfaction are often very 
distant from each other (Borsci et al. 2013). In this regard, Federici et al. articulated the 
challenge of interaction between provider and user as “the different ways of applying 
their mental model: the designer’s simulation of the interaction and the user’s interaction 
with the system”  (Federici and Scherer 2012, p.346).  
However, in extant literature on value co-creation, the challenges of communication 
encounters have been generally under-explored. On the other hand, co-creating IT value 
with users in digitally-deprived communities represents an extreme condition that can 
shed light on many of these challenges and can problematize the modalities of 
communication encounters. The lack of previous IT experience amongst potential users 
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and the often wide gap in the basis of knowledge between users and designers (Puri 2007) 
make communication encounters more problematic and eventually less generative of 
truly contextualized solutions. To make communication encounters in digitally-deprived 
communities effective and generative, interactions between users and providers need to 
enhance dialog in ways that converge their mental models. In other words, the 
communication encounter should help to “reduce the users’ competencies to adapt the 
mental model to the action required in interacting with providers’ solution” (Federici and 
Scherer 2012, p.346).  
3.2.3 Communicative Encounters: Leveraging Technology Affordances and 
Constraints 
In this study, the concept and underlying theory of technology affordances and 
constraints is used in order to analyze the modalities of communication encounters for 
value co-creation. Technology affordances refer to the possibilities of action that an 
individual with a particular purpose and in a particular context perceives in a technology; 
while  technology constraint refers to ways in which an individual perceives that he or 
she can be held back from accomplishing a particular goal when using a technology 
(Majchrzak et al. 2013). The concept of “technology affordances” differs from other 
close concepts such as “technology features” or “perceived usefulness” in that it is 
conceptualized as a relation between the object and the user, while the other concepts 
focus either on the properties of the technology or properties of the user (Markus and 
Silver 2008). An affordance only emerges when an intended user comes to interact with 
the technology to achieve his or her goals.  
In addition, the relational concept of “affordances” also differs from DeSanctis and 
Poole’s (1994) concept of “appropriation moves” in that the latter refers to actual uses of 
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an IT artifact, whereas affordances refer to potential uses that may or may not be 
actualized (Markus and Silver 2008). The concept of affordance may combines with 
“appropriations” to provide a useful bridge between the analysis of IT properties and the 
explanation of IT effects (Markus and Silver 2008). Given this relational and practice 
based approach, the affordances lens offers a particularly relevant conceptual framework 
for investigating how communication encounters between providers and intended users 
evolve around an IT artifact and how the resulting dialog is shaped by the possibilities of 
action that each of them perceives the IT artifact to afford the users within their specific 
context.  
Furthermore, the relational approach of technology affordances is particularly useful in 
explaining two common sources of challenges and opportunities in IT innovation: (1) un-
actualized potential of technology: people and organizations do not always realize the 
apparent potential of a technology when they use it; and (2) un-intended use of 
technology: people and organizations often use technology in ways that designers never 
intended (Majchrzak and Markus 2012). These are the main concerns that were noted 
earlier regarding the challenges of excluding digitally-deprived users from value co-
creation. The two empirical observations often emerge in digitally-deprived communities, 
where prior exposure to digital technology is limited. For example, Heeks (2002) 
proposed a design-actuality gaps model (the match and mismatch between IS designs and 
local user actuality) to explain the high rate of IS failure in developing countries. 
Similarly, other studies have highlighted the various unintended use of digital technology, 
such as the use of mobile technology amongst farmers that often differ from the original 
intent of the designers (Wyche and Steinfield 2015).  
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Possible Affordances in IT Use 
Due to the equal consideration of both the role of user and technology in technology use, 
the concept of affordances has been widely used by IS researchers to understand the 
relationship between IT and people or organization (e.g., Leonardi 2011; Leonardi 2013; 
Treem and Leonardi 2012; Zammuto et al. 2007). It is defined as the possibilities of 
action that IT artifacts afford the intended users or potential users to achieve goal-
oriented tasks mentioned by Markus et al. (2008), which has been widely accepted by IS 
researchers.  
Prior studies have found how IT affordances that emerge from the use of enterprise 
systems in organizations lead to performance enhancement. For example, Zammuto and 
colleagues (2007) theorized five affordances of IT use that can improve work 
performance in organizations: visualizing entire work processes, real-time/flexible 
product and service innovation, collaborating virtually, mass collaboration, and 
simulation/synthetic representation. Volkoff & Strong (2013) theorized six affordances of 
enterprise system use that can improve work performance in manufacturing organizations: 
basic, standardizing and integrating, visibility, controlling, communication and analysis. 
Seidel and colleagues (2013) theorized four affordances of IT use that can support 
sustainable transformation in organizations: reflective disclosure, information 
democratization, output management, and delocalization. 
In addition, a list of IT affordances that emerged from the use of social media in 
organizations has also been proposed. For example, Treem and Leonardi (2012) theorized 
four affordances of social media use that can improve work efficiency in organizations: 
visibility, edit-ability, persistence, and association. For example, Majchrzak and 
colleagues (2013) theorized four affordances of social media use that can enable effective 
knowledge-sharing engagement in organizations: meta-voicing, triggered attention, 
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network-informed associating, and generative role-taking. Nan and Lu (2014) theorized 
four affordances (two of them are borrowed from prior work) of online community use 
that can improve the effectiveness of crisis management in organizations: assembling, 
verifying, meta-voicing (borrowed from Majchrzak and colleagues (2013)),  and 
associating (borrowed from Treem and Leonardi (2013)).  
Appendix B presents a list of the types of IT affordances that have been theorized by 
prior IS literature, together with the corresponding IT artifacts and the business goals that 
are supported by each type of IT affordances. To make it consistent with prior literature, 
exactly the same name from each paper is used, combining only those explicitly noted as 
borrowed from other works (e.g. meta-voicing and association). The various types of 
affordances represent the possible actions that arise from the relation between actor 
intentions and technology capabilities in prior organizational context.  
Affordances and Context 
While prior research tends to investigate the dynamics of technology affordances 
concerning the multi-faceted IT artifacts or use context, there has been inadequate 
research on the dynamics of technology affordances considering human diversity (Zheng 
2009). People in digitally-deprived communities may have perceived different 
affordances from IT. For example, in an attempt to introduce an agricultural market 
information mobile application to smallholder farmers in Kenya, a study found that 
smallholder farmers perceived mobile phones as devices that support verbal 
communication among their friends and family, rather than as platforms that deliver 
agricultural information in the form of a text (Wyche and Steinfield 2015). They also 
found that rural farmers valued their mobile phones because they could use them to call 
someone in case of an emergency, such as needing help for a sick family member or 
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being in dire need of cash. The affordance lens, therefore, may provide a contextual view 
to understand the unique patterns of the interaction between technology and digitally-
deprived communities. 
Affordances and Time 
In addition, it is also important to understand how people come to see affordances in the 
use of IT over time. For example, the information technology was perceived by 
organizations with the affordances of automating and accelerating the existing process in 
the 1980s, followed by the additional identified affordances of enabling “organizational 
process changes that can lead to additional productivity gains” in the 1990s (Zammuto et 
al. 2007). The new affordances were induced by both the increased technology capability 
and people’s understanding of the capability of technology. Based on the capability 
approach for development (Sen 2001; Zheng 2009), people’s valuation towards 
technology capability has expanded over time, thus expanding their perceptions towards 
the affordances of technology.  
Affordance represents the potential of technology-in-use, which emerges only through 
the interaction between technology and user. An affordance emerges from the perception 
of technology-in-use through either actualized or imagined interaction with technology. 
One object may afford multiple actions. However, actors may only use the object to 
afford a limited set of actions, while leaving the remaining possibilities of technology use 
un-actualized (Hutchby 2001). Those un-actualized possibilities are not affordances since 
they are not related to the focal user’s goal. Those identified but un-actualized 
possibilities are to be actualized affordances, known as “perceived affordances” (Norman 
1999), since they have been related to the focal user’s goal through imagination. 







actor intentions and technology capabilities (Majchrzak et al. 2013).  Table 3.1 illustrates 
the emergence of affordances over time. The affordance lens, therefore, may also provide 
a process view to understanding the emerging patterns of technology use in digitally-
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Figure 3.1 The Emergence of Affordances 
 
The above literature review and theoretical propositions provide the foundation for 
investigating the research questions. Based on the proposed propositions, Figure 3.2 
presents the broad research framework of this study.  
 
Figure 3.2  Preliminary Research Framework for Value Co-Creation with 
Digitally-Deprived Communities 
 




















3.3 RESEARCH METHODOLOGY 
This research adopts an interpretive case study approach (Walsham 1995) and a process 
view (Langley 1999; Mohr 1982) to analyze data related to agricultural communities in 
China. This study attempts to reveal the patterns of technology affordances related to 
digital innovation through processes of value co-creation. Consistent with the case study 
approach, we first build on streams of research that contribute to theory building on 
technology affordances, value co-creation and the digital divide. Next, building on the 
interpretation of the participants, as well as our interpretation of their interpretations, we 
identify the mechanisms through which the communicative encounters induce value co-
creation instances. In this thesis there is comparison of the technology affordances and 
constraints that emerged from the value co-creation instances across different 
mechanisms and different agricultural communities. Finally, a comparison is made on 
each of the findings with the literature to confirm the emergent theoretical concepts 
before concluding with theoretical and practical implications.  
3.3.1 Site Selection 
To sample the various forms of agricultural communities, a selection of 10 family farms 
on government-allocated farmland and 10 corporate farms on rented farmland (Zhang 
and Donaldson 2010).was made. To preserve anonymity, the actual names of the farms 
and farmers are not used here. Instead, the family farms were given numeric identifiers 
(Family 1-10) and the corporate farms were given alphabetic identifiers (Farm A-J), both 
based on the chronological order of the field work. In each site, a key informant who was 
either the farm owner or production director was interviewed. To preserve anonymity, the 
key informants involved were named based on their job roles and gender. Table 3.1 
presents the research sites and key informants. The detailed information of each site and 
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informant is presented in Appendix C. The selection of family farms was sampled within 
a single city (Xuzhou) but covered two adjacent rural towns, based on snowball and 
opportunistic sampling (Su 2013). Among the 10 family farms, eight families (Families 1 
to 8) were visited in one town and two other families (Families 9 and 10) were visited in 
an adjacent town for comparison.  
The selection of corporate farms included both one globally recognized organic farm in 
China’s capital city (Beijing) and nine locally recognized corporate farms from another 
two Chinese cities (Xi’an and Xuzhou). Two corporate farms were identified based on 
online search. For example, the organic farm at Beijing (Farm A) was identified from the 
media reports about the farm owner, a pioneer in organic farming in China (Diggelen 
2015). A corporate farm that supplied kiwi fruits to a locally recognized fresh juice 
company was identified (Farm D). Another four corporate farms were selected based on 
snowball and opportunistic sampling (Su 2013). For example, two corporate farms were 
identified during the initial site exploration at Xuzhou (Farm B and C) and two corporate 
farms were identified during the second site exploration at Xi’an (Farm F and G). The 
other corporate farms were selected based on respondent-driven sampling, a technique 
often used in hidden populations that were difficult for researchers to access (Salganik 
and Heckathorn 2004). For example, a corporate farm at Xuzhou (Farm J) was 
recommended by Farm A, which was otherwise unidentifiable to the research team since 
it was a newly started farm. Similarly, after identifying Farm D, connections to the 
surrounding farms that grew similar fruits (Farm E, H, and I) were identified but had not 





Table 3.1 Demographics of Key Informants 




Family 1 Xuzhou Family farmer (female)  55 40-60 
Family 2 Xuzhou Family farmer (male)  65 40-60 
Family 3 Xuzhou Family farmer (male)  21 20-40 
Family 4 Xuzhou Family farmer (female)  22 60-80 
Family 5 Xuzhou Family farmer (female)  57 20-40 
Family 6 Xuzhou Family farmer (male)  40 40-60 
Family 7 Xuzhou Family farmer (male)  50 40-60 
Family 8 Xuzhou Family farmer (male)  68 40-60 
Family 9 Xuzhou Family farmer (male)  24 40-60 
Family 10 Xuzhou Family farmer (male)  29 40-60 
Corporate Farms 
Farm A Beijing Farm owner and seasonal workers (male)  66+159 20-40 
Farm B Xuzhou Farm director (male)  33 20-40 
Farm C Xuzhou Farm director (male)  50 40-60 
Farm D Xi'an Farm director (male)  100 20-40 
Farm E Xi'an Farm director and seasonal workers (male)  150 20-40 
Farm F Xi'an Farm director (male)  61 40-60 
Farm G Xi'an Farm owner and seasonal workers (male)  34 20-40 
Farm H Xi'an Farm owner and seasonal workers (male)  54 20-40 
Farm I Xi'an Farm owner (male)  101 60-80 
Farm J Xuzhou Farm owner (male)  55 20-40 
 Total 20 1294 N.A 
 
3.3.2 Data Collection 
Data collection and analyses were considered as interrelated process and iteratively 
developed and verified. The relationships between the conceptual categories and data 
from the field were obtained through the research process. Many concepts, such as the 
types of affordances, were generated following interviews and observations, but also 
helped to shape subsequent interviews to seek either more depth or more breadth and the 
identified concepts. Second, theoretical memos and field notes were developed 
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throughout the research process. In this study, the f researchers discussed and noted 
theoretical insights after the end of each farm visit. Data was collected over two main 
visits that spanned the period between July 2013 and August 2014.  
The first field visit included observation that lasted one week on a corporate farm, one 
week on family farms, and several other farms visits were made on dispersed days for 
interview purposes. In the second field trip, field observations lasted two weeks and 
included eight corporate farm visits and several family farms. The primary locations of 
observations and interviews were the farmland or the office of the farm. On most farms, 
the owner or the production director guided the research team through walks around the 
farm in which was observed various elements of the farming processes and the farm 
workers’ routines. These observations provided a rich understanding of the research 
context. Photographs of indicative field events were taken to support the analysis of 
observation data. A sample of these photographs is presented in Appendix D. Detailed 
observational notes were taken during the site visits, which formed part of the data for 
analysis.  
The other main source of data was the semi-structured and open-ended interviews with 
various informants at each of the visited farms. Among the 20 interviews, 10 were 
conducted on family farms with farm owners and 10 on corporate farms with farm 
owners, managers, and workers. The interviews were guided by five general topics: farm 
operations (objectives and resources), farming practices, knowledge issues, current 
farming challenges and adopted solutions, and the current role of IT in the farming 
process. In the interviews, allowance was made for further follow-up inquiries in order to 
gain a deeper understanding of the subject matter or to clarify individual responses. In 
consistence with the multiple rounds of field observation, multiple rounds of interviews 
were conducted, where the protocols were refined based on initial model development. 
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The interview questions, over time, became more detailed and focused on specific topics 
and main themes that emerged from the data. The interview protocol used at the later 
points of data collection is presented in Appendix E, which denotes the evolved protocol 
that had already focused on concepts and themes that emerged during data exploration.  
The interviews were conducted face-to-face in Chinese by the author who is a native 
speaker. Each interview lasted between 20 to 160 minutes. Data of interviews were 
collected through written notes and audio tape recordings. Most key respondents were 
interviewed multiple times to clarify new facts as they emerged during the data collection 
process. Each session was moderated by a member in the research team and observed by 
a non-team native speaker, who provided useful crosscheck and additional note-taking.  
In addition, the interviews on the two visits included the introduction of the informants to 
prototypes of two mobile applications for managing the farming practice. The mobile 
apps were developed in an academic institution, with a first prototype on pest 
management used in the first visit, and a second prototype for the management of 
farming process that was developed based on feedback gathered during the first visit. 
This latter mobile application aimed to enhance farming efficiency and productivity by 
digitalizing the information generated and used during the farming process. The major 
functional module in the prototype is the artifact for tracking key tasks in the farming 
process. For instance, the prototype enables users to record details of a sowing activity, 
including the name of the seed, the location and size of farmlands being sowed, the date 
and other descriptions.  
The user interface is designed with graphic cues, ensuring the ease of use by users with 
different literacy levels. A minimal interface provides only the essential functionality in 
intuitive form and kept the process simple. The prototype was implemented mainly for 
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Android devices with HTML5 cross-platform framework. More details of the IT artifacts 
and design process are given in the previous chapter (Chapter 2.4). During the interview, 
a prototype of the app to informants and observed informants’ interaction with the app 
was shown. This part of the interviews allowed discussion and dialog on the possibilities 
of action that the informants saw in the app and those that they expected to see but were 
absent. Thus, the app acted as a boundary object (Carlile 2002; Puri 2007) that stimulated 
the articulation of affordances and the active communication between multiple parties.  
3.3.4 Data Analysis 
A two-stage coding approach for the analysis of both what happened and what it might 
mean was adopted (Miles et al. 2014) and aimed to make an interpretative rendering of 
the collected data (Walsham 1995).  
Open Coding 
In the first stage, the transcripts were coded with terms from the theoretical framework 
and general terms that reflect meaning and action. The definitions of the key terms that 
we used to code the transcripts were recorded below as well as the guidelines on how 
each quotation was measured for its fitness to a key term. First, the concept of digital 
outcome refers to the goals that are generated from the use of IT, such as learning 
outcomes and productivity (Wei et al. 2011). This study identified the digital outcomes 
from the quotation by assessing whether it reflected the informant’s perception on the 
goals that he or she intends to achieve. For example, a quotation that states “one objective 
of my farm is to transform it into an organic fruit farm” is coded as sustainability 




Second, the concept of value co-creation refers to creating IT value with multiple 
stakeholders for achieving business value, which is adapted from several prior literature 
studies (Grover and Kohli 2012; Prahalad and Ramaswamy 2004b).  In this study, the 
concept emphasizes the participation of intended users in contributing their ideas for the 
co-creation the IT value during the interactional session with the research team. 
Therefore, this study identified the value co-creation instances from the quotation by 
assessing whether it reflected the informant’s input about how IT can help them to 
achieve his or her outcome.  
For example, a quotation that states “the ultimate goal for tracking and tracing is to 
understand the growing process for each (kiwi) tree … The best situation is that we are 
able to identify the origin of each kiwi, including: which tree (in which district) does it 
come from, how does it grow over time, how much water and fertilizers are being applied 
to the tree, etc. I think this is a global goal that everyone is seeking for: trustable 
agriculture product and food; and trying to make everything as valid as possible” is 
coded as a value co-creation instance that delineates the role of process tracking and 
tracing in achieving the outcome of sustainability.  
Third, the concept of technology affordance is defined as an action potential, that is, to 
what an individual or organization with a particular purpose perceives that he or she can 
do with a technology or information system (Majchrzak et al. 2013), or concerns “the 
possibilities for goal-oriented action recognized by a specific user group” (Markus and 
Silver 2008). IT affordances reflect the user’s goals and how the user appropriate the IT 
capability to realize those goals (Chaturvedi et al. 2011). This study identified technology 
affordance from the quotations by assessing whether it reflected the informant’s 
perception on how IT artifacts help him or her in achieving a goal that is related to the 
digital outcome. Each affordance was identified into one of the existing types of 
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affordances (Appendix B), or assigned into a new type of affordance when it did not align 
with any existing type. For example, a quotation that states “during the three-year 
transformation period, the organic certification institution will randomly check my 
process … Due to this requirement, we have to record the daily tasks for them to check”. 
This is firstly coded as verifying organic requirement affordance and then grouped into 
an existing type of affordances, which is a process controlling affordances.   
Finally, the concept of technology constraints is defined as “the ways in which an 
individual or organization perceives that he or she can be held back from accomplishing a 
particular goal when using a technology or system” (Majchrzak et al. 2013). This study, 
identified technology constraints from the quotations by assessing whether it reflected the 
informant’s perception on how IT artifacts prevented him or her from achieving a goal 
that is related to the digital outcome. Each identified constraint was identified as one of 
the existing types of constraint, or assigned into a new type of constraint when it did not 
align with any existing type. For example, consider aa quotation that states “due to the 
increased aging population and urbanization in China, we deeply feel the challenge in 
finding workers that can do farming tasks considering their age and expertise”. This is 
firstly coded as a labor inadequacy constraint and then grouped into an existing type of 
constraint, which is a user-specific constraint.   
Axial Coding and Proposition 
The second cycle aimed at conceptualizing the quotations and unfolding the causation 
among the concepts. In this focused coding, a selection of  what seemed to be the most 
useful initial codes were test against extensive data (Miles et al. 2014). A process view 
was used to analyze the data (Langley 1999; Mohr 1982), aimed at discovering the 
patterns of technology affordances and constraints that constitute the value co-creation. 
77 
 
The within-group data was analyzed followed by a search for emergent cross-group 
patterns. Throughout the process, codes both within and across the two case groups to 
find comparable results were compared. There was also an investigation on how the two 
forms of agricultural communities in China work with existing digital products or 
services and aspire for new digital innovations. Based on the literature review and axial 
coding, the following proposition for further analysis was derived. This led to the 
following proposition:  
Proposition: Expanding the range of affordances that can be perceived 
by digitally-deprived users will enhance the effectiveness of their 
contribution to the co-creation of IT value.  
3.4 CASE DESCRIPTION  
3.4.1 Agriculture in China: Persistence of the Digital Divide   
To develop the preliminary research framework (Figure 3.2), a description of the status 
quo of the digital divide problems in the agricultural sector in China based on the three-
level stratification of digital divide proposed by Wei et al. (2011) was given, including 
the digital outcome divide, digital capability divide and digital access divide. A 
comparison between two types of agricultural communities is described in Table 3.2. The 







Table 3.2. Case Description 




• Produce on 
allocated land. 
• Produce by family 
members in the 
rural household. 
• Produce for own 
consumption, may 




• Produce on the rented land.  
• Produce by hired farm workers who 
may or may not have allocated land 
at home. 
• Produce for profit in various ways, 
depending on the business model 
(e.g. industrialized, tourism, 
community supported agriculture). 
Outcome 
Objectives 
• Limited attention to 
productivity levels. 




• Common drive to maximize 
productivity. 
• Increasing awareness of 
sustainability concerns. 
Capabilities • Relatively low 
capability due to 
aging or literacy 
deprivation.  
• Capability varied across age and 
education level. 
Access to IT • Limited access to 
IT. 
• Main current IT 
usage confined to 
basic 
communication 
tools and weather 
forecasts. 
• Access to IT varied across farms. 
• Main current IT usage is basic 
communication tools and weather 
forecast. 
• Emerging trend of accessing more 
sophisticated services, such as social 
networking site, cloud storage, e-
commerce sites. 
 
Digital Access Divide 
Various national policies have pushed for digital innovation in the agricultural sector for 
maximizing its productivity and efficiency. For instance, a central government document 
expressed in 2012 the need to "accelerate scientific and technological innovation to 
strengthen supply of agricultural products", and indicated in 2014 the importance to 
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“push was. Moreover, a substantial amount of foreign investments in China is 
increasingly directed towards the agricultural sector (Viton 2015). As such, the basic 
infrastructure that can support the use of digital products or services in the Chinese 
agricultural communities is ubiquitous and accessible to most farms. For example, the 
telecommunication services and Internet have undergone rapid diffusion in rural China 
(Mu and Lee 2005; Yang 2011). Based on observations at the case sites, it was found that 
(1) all informants own at least one mobile phone that may or may not be a smart phone, 
and (2) the Internet is technically accessible by the rural households or the corporate 
farms in both rural and suburban areas.  
Yet, also observed were three pressing issues regarding the digital access divide in 
Chinese agricultural communities. First, the devices owned by the informants varied from 
low cost feature phones for simple communication, to medium or high cost smart phones 
and computers for both communication and surfing the Internet. The Internet access is 
subject to the informants’ personal subscription preferences This issue is largely due to 
the affordability of different technologies to the rural populations (Fong 2009). Second, 
despite the efforts in accelerating digital innovations for agricultural development, the 
agricultural sector still faces challenges in overcoming the “last mile” problem in digital 
innovations (Zhang 2015), which indicates the challenges in providing relevant digital 
products or services all the way to the rural households instead of stopping at the upper 
layer (e.g. local government or institutions). This is reflected by the fact that most 
informants were not aware of the digital products or services that were already available 
in the market. Third, the digital applications used by the informants are restricted to 
general information services, such as search engines, documentation and communication 
tools. As explained by some informants in the corporate farms, the relatively low profit of 
the agriculture industry increases the barriers of investment in digital innovations that are 
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specific to the agricultural sector, making the available digital products or services less 
relevant to the agricultural communities.  
Digital Capability Divide  
Two broad issues with regard to the digital capability divide were observed. First, the 
education level of users in agricultural communities is generally low (Fong 2009), which 
indicates a low level of both functional literacy on reading and writing as well as digital 
literacy on using IT. Second, the age of the users in agricultural communities tend to be 
high, which impose a challenge in the IT design given the added difficulties of impaired 
vision and hearing amongst older farmers. Third, the task of agricultural production is 
generally labor intensive and dominated by outdoor activities, which emphasize the need 
for IT design that may support hands-free usage and takes into consideration of the 
varying natural environment (e.g. strong sunlight that influences screen-based reading).  
Digital Outcome Divide  
In terms of the digital outcomes, it was observed that there were two major impediments 
in Chinese agricultural sector that needed the intervention of digital innovations. The first 
major impediment to agriculture in China is the productivity concerned. China is the 
world’s foremost producer of agricultural commodities (OECD 2015). The nation feeds 
20 % of the world’s population with only 9 percent of the arable land and 6 % of the 
freshwater (FAO 2013). Due to the steady income increases among the middle classes, 
the consumption for meat, milk, eggs and fish have shown great growth, ranging from 2- 
4% annually (Keyzer and van Veen 2010). Although production of these commodities 
has also adjusted rapidly, it is not enough to fully meet the increased demand (Keyzer and 
van Veen 2010). Exacerbating the problem, agricultural production is not only a crucial 
condition for meeting the food demand of a growing global populations (McClung 2014), 
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but also for supporting the livelihood of 45% of the global population who depends on 
agriculture as their main source of income (Porter et al. 2010). Over 300 million farmers 
are employed by the agricultural industry in China (Sattari et al. 2014), thus depending on 
the income from agricultural production. A key element in a large number of adopted 
solutions is the implementation and use of technological innovations to improve the 
agricultural production (Godfray et al. 2010).  
The second major impediment to agriculture in China is its sustainability concerns, such 
as the size and soil quality of arable land, compared to the advanced agricultural regions 
where organic farming has been employed to protect the arable land. The high rate of 
environmental unfriendly farming practices in the Chinese agriculture sector creates a 
major impediment for long-term productivity and food safety in China (Keyzer and van 
Veen 2010). Various local and global challenges, such as population increase, climate 
change, and security concern, force individuals, organizations, and governments to 
explore innovative solutions to ensure the sustainability of their agricultural practices. 
Among the four principles of agricultural sustainability, two of them have the potential to 
be facilitated by IT artifacts: (1) “make productive use of the knowledge and skills of 
farmers, thus improving their self-reliance and substituting human capital for costly 
external inputs”, and (2) “make productive use of people's collective capacities to work 
together to solve common agricultural and natural resource problems, such as pests, 
watersheds, irrigation, forest and credit management” (Pretty 2008). Several research 
institutions have taken the responsibility to empower agricultural sustainability by 
initiating IT innovation projects that are specifically focusing on agricultural 
communities (Gaunand et al. 2015).  
Thus, innovation that provides the Chinese farming communities with transformative 
power in the agricultural productivity and sustainability through successful ICT 
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interventions would clearly be very valuable. This study therefore focuses on these two 
identified digital outcome divides and examines how IT value will be co-created by the 
informants in association with the productivity and sustainability issues. 
The above descriptions form the general background of digital divide in the agricultural 
sector in China, which forms the context of the case study. Detailed situations in the two 
types of agricultural communities are described in the following two sections.  
3.4.2 Case Group 1: Digital Divide at Family Farms 
History and Organizing Form 
The unique institution of “collective land ownership and individualized land-use right” in 
the Chinese agricultural sector has created various interesting forms of agricultural 
communities (Zhang and Donaldson 2010). There are various criteria to classify the 
forms of agricultural communities. This study seeks to classify them in terms of the land 
use right, meaning whether the community produces on allocated land or on rented land. 
This classification reflects the differences in intended users’ goals and problem domains, 
which lead to different aspirations for digital innovations. The fundamental form of 
agricultural communities is the family farm that produces on the land that is allocated to 
rural households with land-use rights (Chen et al. 2009). They mainly produce for 
personal consumption and may also pursue profits by selling additional outputs to third-
parties (e.g. end-consumers, corporate farms, etc.), who may lead their life on both 
farming income and non-farming incomes (De Janvry et al. 2005).  
The rural families are distributed according to different village groups, formerly known 
as production teams (in simplified Chinese:生产队 ), a basic accounting and farm 
production unit in the people's commune system in the People's Republic of China from 
1958 to 1984 (Lin 1992). In the administrative hierarchy, the team was the lowest level, 
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the next higher levels being the production brigades and people's communes. Although it 
has been replaced by village groups since 1984, most of the older farmers still use the 
concept of “production team” in describing their sense of community in society. 
The Digital Divide 
First, access to IT among family farms is rare. Out of the 10 family farms visited in this 
research, only the informant that runs the village shop reported a relatively intensive use 
of IT in supporting agriculture related work because of the need to communicate with the 
suppliers of agricultural materials (e.g. seeds, fertilizers, pesticides, equipment, etc.). The 
major role of IT in his daily practice is facilitating the communication with upstream 
suppliers for purchasing agricultural materials through phone calls or computers (the use 
of a communication tool QQ was observed on the shop owner’s computer screen). As the 
downstream demanders are those family farmers in the production team, their 
communication is more direct, usually in the form of simply stopping by the shop to  chat, 
which is a common practice mentioned by the other family farms. The village shop thus 
serves as a hub in a production team.  
Second, the capability of using IT is relatively low. A key reason is the demographics of 
the farmers on the family farms. Due to the urbanization trend in China, most young men 
have migrated to the cities and the remaining laborers in the rural households are the 
elders and women. Among the 10 family farms visited, eight informants were above 50 
years of age. Among the remaining two participants, one was a female aged below 40 
years who stayed at home to take care of the children and their family farm while her 
husband was working outside. The last participant, a male aged below 40 years old, was 
the only local merchant who ran the village shop besides managing his own farm. The 
84 
 
older informants found it difficult to catch up with the modern technologies due to either 
poor vision or illiteracy.  
Finally, there was a substantial divide in terms of the two outcomes, i.e. productivity and 
sustainability. However, the family farms tended to take the productivity level as they 
existed, and neither did they pay attention to sustainability issues.  
3.4.3 Case Group 2: Digital Divide at Corporate Farms 
History and Organizing Form 
As the legal owner of the land in rural China is the village, another form of agricultural 
community is the corporate farm that produces on the rented land from the village and 
may or may not have allocated land. The corporate farm owners may hire various types 
of farm workers, including proletarian farm workers who work full-time for the corporate 
farm but own no land, and semi-proletarian farm workers who work part-time for the 
corporation but have allocated land at home that may or may not be rented out (Zhang 
and Donaldson 2010). The corporate farms produce for profits in various ways. The 
corporate farms are selected foe study based on their way of gaining profits.  
Industrialized Agriculture  
The majority of corporate farms practice industrialized agriculture, either as traditional 
local farms (Farms B, C, D), international-collaborated farms (Farm E) or entrepreneurial 
farms (Farms H and I). Farm B is a vegetable farm that serves food for an institution’s 
internal use. The farm is largely managed by the institution’s internal employees. At the 
time of the field work, the institution was planning to outsource the farm to an external 
party for management. Farm C is a large-scaled grain growing farm (in Chinese it is 
termed 种粮大户) and grows and sells all types of local grains and grain seeds for 
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distributors. Farm D is a kiwi farm that belongs to a local juice making company and 
produces kiwi fruit only for internal use. Farm E is a kiwi farm that is invested in and 
managed by a New Zealand company, but operated by the local team. Farm H is an 
entrepreneurial farm that is invested and managed by the informant, who does not belong 
to a rural population. Farm I is an entrepreneurial farm that is invested in and managed by 
an old kiwi expert for kiwi research as well as for gaining profits.   
Tourism Agriculture 
Tourism agriculture is an emerging form of agriculture in China that serves to provide 
leisure for city dwellers through various agricultural-based services (Yu-zhi 2008). Farms 
F and G are tourism farms representing two different approaches. Farm F is a typical 
tourism farm that allows visitors to pick up fruits from the farm and offer dining services 
there. Farm G, on the other hand, rents farmland to visitors who want to experience 
farming work and grow their own products. Similar to Farm F, visitors can also dine at 
the farm.  
Community Supported Agriculture 
Farms A and J represent a new form of agriculture, called community supported 
agriculture, which is a sustainable alternative to industrial agriculture (Cone and Myhre 
2000). Farm A is an organic farm next to a big city, making organic vegetables, eggs and 
meats for around 500 families among the city dwellers. The farm owners are an educated 
young couple who try to promote the concept of community-supported agriculture in 
China. Most of their employees are young people, with little experience in farming. They 
rent the farmlands from two village centers for growing vegetables. During the busy 
season, they hire local farmers in the village or nearby areas to help with the fieldwork. 
The farm sells the products in two ways, either by promoting to families who are 
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interested in organic food and providing them with a weekly delivery service or by 
directly selling products in the organic farmers’ market in the city. Farm J is a vegetable 
farm that learned from the success of Farm A and replicated its model.  
The Digital Divide 
First, the access of IT varied among corporate farms. Out of the 10 corporate farms 
visited in this research, the community supported agriculture farm showed a relatively 
more intensive use of IT (e.g. e-commerce sites, micro-blogging, office utilities, etc.) 
because this team is comparatively young and educated, while the rest of the farms had 
relatively less use of IT ranging from simple use of mobile phones to medium level use of 
information services (e.g. search engines, instant communication tools, etc.). Similar to 
the family farms, the major role of IT in the daily practice continues to focus on the 
communication with either co-workers or customers.  
Second, the capability of using IT also varied in corporate farms, and is highly dependent 
on the age and education level of informants. Informants who are relatively older (e.g. 
above age 50) and less educated (e.g. below junior school) tend to be reluctant in trying 
out IT both in work and daily life. Examples are informants at Farm B and Farm C, 
which are traditional local corporate farms. Yet, informants that are relatively prone to IT 
are relative young and educated. Examples are informants at Farm E and Farm H, with 
the former as a foreign-owned corporate farm and the latter as an entrepreneurial farm. 
Yet, age was not always a determinant of attitude towards IT. For example, in Farm I, 
while the informant is an old famer who is aged above 60 years, he is still expecting to 
learn to use a computer from the young generation in pursuit of a better way in managing 
and sharing his knowledge.  
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Finally, maximizing productivity is the key objective for all the corporate farms given 
their nature of business. Yet, the pursuit of sustainability varied across farms. The two 
community supported farms placed sustainability as their top priority. The two tourism 
farms are also pursuing a certain level of sustainability but without much emphasize on it.  
While some industrialized farms did not mention the sustainability measures, some other 
farms were working towards a sustainable way by carefully controlling the farming 
process in pursuit of an “organic” certification for business value.     
3.5 RESULTS AND INTERPRETATION 
3.5.1 Mechanisms for Value Co-Creation 
By adopting a process view this study results in an analyses which allows the revelation 
of various value co-creation requirements and mechanisms in the interactions with the 
participants. The identified value co-creating instances by informants in chronological 
sequence for each type of the agricultural communities was used and the associated 
technology affordances or constraints for each value co-creating instance that have been 
explicitly or implicitly voiced by the informants was identified. The results highlight 
three mechanisms through which technology affordances or constraints emerge from 
participants’ interaction with the technology in the process of value co-creation: (1) 
affordance retrospection (affordances or constraints emerging from previous interaction 
with existing technology), (2) affordance exploitation (affordances or constraints 
emerging through perceiving the possibilities of action in a given new technology; in this 
case, the introduced mobile application), and (3) affordance prospection (affordances or 





Digitally-deprived communities have limited exposure to digital products or services, yet 
they still build on their previous experiences with technology to make sense of new 
artifacts. Through discussion with informants regarding the utility of information 
technologies in their work, the informants mentioned various affordances that emerged 
from their use of existing IT artifacts in their workplaces or in their daily lives Such 
mechanisms for perceiving affordances that have been actualized by the user from his or 
her interactions with existing technologies are referred to as affordance retrospection.  
First, most informants in both cases reported that their experiences with communicating 
affordances resulted from their interactions with various social networking tools for 
communication with various people, such as co-workers, experts, customers, or other 
farms. For example, the informant at Farm A talked about the use of social networking 
tools for achieving the goals of discussing task-related issues with either co-workers 
within the farm, potential customers, or people from other farms. He commented: 
"We use Wechat (an instant messaging app in China) for internal 
communication. For example, we created a Wechat group for our 
production department to discuss issues relating to production, as we 
have several branches at other locations. If we do not make phone calls, 
Wechat is an alternative way. … Recently, we started to use cloud 
storage to manage and share some important core materials. … We 
currently do not have any communication problems. But I believe there is 
a lot of room for optimization and improvement. … The main 
communication with other farms is to exchange information about new 
products. We just use Wechat to communicate with other farms. But 
89 
 
sometimes, we may also visit each other's farm and recommend new 
crops to each other."   
Second, some informants in corporate farms reported their experience with process 
controlling affordances enacted by their interactions with basic documentation tools. For 
example, the informant at Farm D shared his way of managing the production process.  
“Organic farming focuses on process control, instead of outcome checks. 
During the three-year transformation period, they (organic certification 
institutions) will randomly check my process. Due to this requirement, 
we have to record the daily tasks for them to check. Besides external 
checking, it is also a source for us to summarize my experience. For 
example, we may not do very well for the first farmland. The past data 
can be a reference when we expand a new farmland. … We record data 
such as fertilization (when to fertilize, what fertilizer, and how much is 
used) and spray pesticides (when to spray it, is the name of the pesticide, 
and how much is used)….. In the field, the directosr use hardcopies to 
record the process. We also do an electronic version for easy browse 
when needed.”  
In addition, only one corporate farm reported its use of IT in creating service through 
online platforms.  He commented: 
“We have a taobao (an e-commerce website) account for sales. We also 
have my official Weibo (a micro-blogging website) account for 
publishing information to my customers.”  
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There are also a number of constraints that have been address by informants during the 
retrospection stage. First, some constraints are induced by technology. For example, the 
informant at Farm A complained of the lack of technology support in managing the 
production information:  
“Regarding the information at the production stage, we seldom have 
(recorded information) because we didn't collect them. Maybe the 
production worker can tell me how many cucumbers will be produced 
this month and how many can be picked up tomorrow. They can write 
down as well. But, there is no system for recording them. We want to 
develop our own system for recording the production information).” 
Second, some constraints are induced by the nature of the task in the industry. For 
example, the informant at Farm A was  oncerned about (1) the knowledge dynamics of 
the farming experience due to its high resilience to climate change, as well as (2) the tacit 
nature of knowledge in farming experience. He remarked: 
“It's hard to say (how accurate is my experience). For example, if the 
temperature in winter keeps decreasing in future, my experience needs to 
be updated as well, otherwise, (the old method) may not work effectively 
under the extreme weather conditions. We need to revise the method 
again. … It is not easy to accumulate the (agricultural) data. From the 
production perspective, the agriculture industry in China is still a small 
production model, relying more on experiential judgment instead of 
quantitative data support. " 
Third, some constraints are induced by the user-related issues. For example, the 
informant at Farm A was concerned about the shortage of laborers. He commented: 
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“Due to the increased aging population and urbanization in China, we 
deeply feel the challenge in finding workers that can do farming tasks 
considering their age and expertise. So we are trying hard to push my 
young employees to the production line, offering them the opportunity to 
work in the field and accumulate experience from older farmers. The 
young generation who know about modern technologies, if equipped with 
experience from older generation, may be able to take over the 
agriculture production in future.”  
The above examples are technology affordances emerging from the users’ interaction 
with existing IT artifacts, namely the retrospective affordances (or actualized 
affordances). Based on a comparative analysis, it was found that the number and variety 
of retrospective affordances differ from farm to farm based on their exposure to 
information technologies. Although both groups reported limited set of existing IT 
artifacts, the findings show a striking contrast between the two types of agricultural 
communities, in terms of the range of affordances that have been actualized with the 
existing IT artifacts. While family farms only actualized communicating affordances 
from the use of IT, corporate farms have also actualized some of the process controlling 
and service creating affordances. These actualized affordances and constraints form the 
knowledge base for the intended users in understanding how digital artifacts may help 
them to achieve their goals, as well as to what extent they can participate in the co-
creation of IT value to attain their productivity or sustainability objectives. 
Affordance Exploitation 
Based on the discussion stimulated by the mobile application as the boundary object, the 
informants also identified several affordances with regard to the use of the mobile 
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application in their workplaces. Such a discussion mechanism for the perception of 
affordances that emerged from the user’s interactions with a new technology is referred 
to as affordance exploitation. 
For example, the information tracking affordance was identified during the first 
fieldwork at Farm A when the informants were shown a mobile application prototype that 
is designed for pest management; several full-time workers suggested that the prototype 
might help them track the pest situations that happen every year, so that they could build 
up a reference for the following years. For example, an informant indicated that: 
“The prototype may help to track the pest situations that happen every year, so 
that we can build up a reference for the following years."  
In addition, the advice seeking affordance was also identified based on the same artifacts 
in the mobile prototype when an informant questioned the possibilities of using the 
prototype to diagnose pest problems with other farmers. For example, an informant asked: 
 “After I record the pest situations in this application, can I share this problem 
with other experts to seek advices? It may be similar to publishing a picture in 
micro-blog. Sometimes, we may encounter unknown pest infestations. We need 
more convenient channels to seek advices from people who may encounter 
similar problems before."  
The process integration affordance was identified when the informants were shown a 
prototype intended for farming process management. The informant questioned the 
possibility of integrating the farming process for customer orders, so that their production 
plan could be further automated based on data from customer demand. In this case, the 
affordance shifts away from the original intention of artifact design, based on the actor’s 
goals. For example, an informant asked: 
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“Is it possible for the application to help us manage the crop rotation plan based 
on our customer order information (currently manually recorded in Excel)?”  
The above examples are technology affordances that emerged from users’ interaction 
with a newly introduced technology, which is called exploitative affordances. Based on a 
comparative analysis, it was found that the number and variety of exploitation 
affordances are generally consistent among communities based on the mobile app that is 
introduced to them. Both informants in family farms and corporate families were 
generally able to link the mobile apps to their daily practices and perceive possibilities of 
action in using the application. These exploitative affordances or constraints in turn add 
up to the knowledge base for the intended users in understanding how potential digital 
artifacts may help them to achieve their goals. 
Affordance Prospection 
The value co-creation process also inspired a certain number of affordances that were 
expressed in terms of future aspirations for potential uses of IT in agriculture. These 
affordances are not directly supported by existing technologies or by the mobile 
prototype that have been presented to the informants, but were instead imagined by them 
based on their extension of IT value from the actions supported by the mobile app to 
other actions in their own practices or in the practices of others in their field. Such a 
mechanism for the perception of affordances that emerged from the user’s aspiration 
towards potential technology is referred to as affordance prospection. 
For example, some informants imagined, based on their interaction with mobile prototype, 
the possibilities of analyzing business problems which may impede productivity, such as 
diagnosing crop problems with experts through online platforms to reduce the 
transportation and time cost in inviting experts to visit their farms. The farm owner of 
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Farm H highlighted his strong aspiration towards a platform that can connect him with 
more domain experts for collective diagnosing crop problems. He said: 
“I wish to have a platform that is similar to the WeChat moment (i.e. a 
friend networking function), but with the people in it all doing the same 
work. We can communicate together about the problems that each of us 
have encountered on the farm. People who know the problem will talk 
about their experiences. It will be even better if you (i.e. the expected 
digital service provider) can incorporate the experts’ suggestions as well. 
In other words, if you can gather all the fruit farmers into one platform, 
we will accredit your service as it is easy to surf the Internet for most 
people nowadays.”  
In addition, some informants on the corporate farms reacted to the mobile prototype by 
highlighting the need for detecting factual data about the natural environment (e.g. soil 
and weather) which is highly important for the agriculture industry. For example, the 
informant at Farm A said: 
“In the process of growing, we care about the situations of the soil, the 
surface temperature, the air temperature. It will be good if we have 
advanced technology to detect this information.” 
There are also a certain number of constraints that have been raised by the informants 
when imagining the future possibilities of IT use in agriculture. First, some informants 
expressed the incapability of technology in addressing some of their problems. For 
example, the informant at Farm A expressed his deep concern about the continued 
inability of IT to provide (1) timely environmental information for them to take 
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preventive actions to ensure yields and (2) detection ability to aid them in selecting seeds 
that meet their requirement. He remarked: 
"But the timely data, such as the soil temperature and humidity right 
after the rain, is impossible to obtain. It purely depends on my 
experience. If the rain is light and weather is hot, we need to water 
immediately. …. In the process of purchasing seeds, we care about the 
ingredients of a seed, deciding whether it contains genetically modified 
ingredients. This is hard to detect with devices. We have to search for 
relevant information by ourselves."  
Second, some informants raised their concerns about the financial budget in equipping 
the farm with advanced IT. Due to the nature of the industry, the profit is comparatively 
low which prevents them from trying out investment in technology that cannot provide 
them with visible profits. For example, the informant at Farm A expressed concern 
towards the adoption of IT in his farm, despite acknowledging the benefit of IT. He 
remarked: 
"It will be good if we have advanced technology to detect information, 
such as soil condition detection sensors available on some Japanese 
farms that we visited before. But the price is too high for us.” 
Third, a common concern is the difficulty in learning from experienced farmers of the old 
generation, who often have low level of literacy, and incorporating that knowledge in 
new technologies. For example, the informant at Farm A said:  
“They (i.e. old generation farmers) can neither articulate nor write (their 
experiences). I am afraid many of the older farmers are illiterate. We can 
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only chat with them like how we chat with our families. It is very hard for 
them to articulate the information we want, unless we spend a long time 
to discuss their past experiences by inviting them to chat over a cup of 
tea.” 
The above examples are technology affordances that emerged from the users’ aspiration 
towards potential technology-based action, or what is referred to as prospective 
affordances. Based on a comparative analysis, it was found that the number and variety 
of prospection affordances differed from farm to farm. Specifically, the number and 
variety of prospection affordances among corporate farms was higher compared to 
family farms. This particular type of affordances enabled the participants to participate in 
the communication encounters at a more abstract level, which made them more likely to 
contribute to the co-creation of IT value for the agricultural industry as a whole. When 
articulated properly, these prospective affordances or constraints can help identify IT 
value that may be otherwise overlooked by providers and users alike. 
3.5.2 Comparison of Technology Affordances and Constraints 
To further understand the challenges of value co-creation, a comparison was made of the 
range of affordances and constraints that have emerged from the three value co-creating 
mechanisms for both case groups. For more integrated view, the identified affordances 
and constraints were grouped into meaningful types. The affordances were grouped as  
six types: (1) communicating affordances (overlapping affordances in prior literature 
including mass collaboration, virtual collaboration, communication affordances and all 
social media related affordances), (2) process controlling (overlapping affordances in 
prior literature including basic, visibility, standardization and optimization, visualizing 
entire work processes, and sustainable practicing affordances), (3) business analysis 
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(overlapping affordances in prior literature including analysis, simulation/synthetics 
representation, and organizational sense making), (4) product/service creation 
(overlapping affordances in prior literature including real-time/flexible products and 
service creation affordances), (5) factual diagnosing (new category of affordances 
applicable to industries that may have heavy reliance on the natural environment), and (6) 
experience inheriting (new category of affordances applicable to industries that may have 
heavy reliance on tacit knowledge). The constraints were grouped as three types: (1) user-
specific constraints that are based on the individual-related challenges, (2) task-specific 
constraints that are based on the industry-related challenges, and (3) technology-specific 
constraints that are based on the technology-related challenges.   
To better understand the similarities and difference of the two case groups in terms of the 
technology affordances and constraints emerging from the value co-creation process, the 
individual check mark for each affordance (in Table 3.3) and constraint (in Table 3.4) 
was recorded, as well as the check marks for the different types of value-creating 
mechanisms where affordances or constraints emerged. Three special phrases were 
presented. The first phrase identified the affordances and constraints in terms of action 
verbs or gerunds, such as “share knowledge” or “information sharing” as suggested by 
the TACT theory (Majchrzak and Markus 2012) were identified. Second, the identified 
affordances and constraints were not exhaustive, but only pertained to the created value 
within the dataset, which may or may not overlap with identified affordances in prior 
literature which are based on different IT usage contexts (Zammuto et al. 2007).  Third, 
the constraint may be induced by more than one factor, where user, task and technology 
are indispensable factors in affecting the use of IT, the type of which is thus defined 
based on the major factor that leads to the focal constraint.     
98 
 
Comparison of the technology affordances and constraints, and their generative 
mechanisms within and across the two case groups reveals three important patterns. First, 
the number and variety of affordances that have been experienced by informants, 
retrospective affordances, differ from farm to farm based on their exposure to 
information technologies. Although both cases reported limited sets of existing IT 
artifacts, the findings show a striking contrast between the two types of agricultural 
communities, in terms of the range of affordances that have been actualized with the 
existing IT artifacts. While family farms only actualized communicating affordances 
from the use of IT, corporate farms have also actualized some of the process tracking, 
business analyzing, and service creating affordances. However, the constraints that have 
been experienced by them are similar, except that family farms did not reach the point 
where they are constrained by knowledge dynamics and data inadequacy. This can be 
explained by the comparatively higher knowledge and reliance on experience in farming 
practice among the family farms.  
Second, the number and variety of affordances that have been directly perceived by 
informants in interacting with the new mobile app, exploitative affordances, are 
consistent based on the mobile app that is introduced to them. Specifically, the family 
farms were mainly introduced to the pest management app, thus they mostly perceived 
the affordances of managing and sharing documents about pest information. The 
corporate farms were introduced to both the pest management and process management 
app, thus they also perceived the affordances of tracking and tracing the farming process. 
However, the constraints that they saw from the boundary object differed slightly. 
Specifically, the corporate farms identified more constraints than family farms. This 
finding infers that the background knowledge (i.e. the range of retrospective affordances) 
does not influence digitally-deprived users’ ability in exploiting the explicit possibilities 
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from the interaction with a tangible technology artifact, but has a subtle influence on 
identifying the implicit or potential constraints that may inhibit them from using the 
technology effectively.  
Third, the number and variety of affordances that have been articulated by informants in 
imagining the possible role of IT in agriculture, prospective affordances, differed from 
farm to farm. Specifically, the number and variety of prospective affordances among 
corporate farms are higher compared to family farms. This particular type of affordances 
enabled the participants of higher capabilities to participate in the communication 
encounters that were at a more abstract level, which made them more likely to contribute 
to the co-creation of IT value for the agricultural industry as a whole. But in both case 
groups, the exploitative affordances play a supplementary role in adding up the original 
list of retrospective affordances, which enables them to perceive more affordances than 
what they had experienced in the past. However, the constraints that have been imagined 
by the two groups are comparatively converged, except that family farms did not 
highlight some technology-specific constraints. This may be explained by their relatively 




Table 3.3 Comparison of Technology Affordances in Value-Creation Mechanisms 
 Corporate Farms Family Farms 
Specific Affordances R E P R E P 
 Type 1: Communicating Affordances 
Communicate within farm √ × √ √ × √ 
Communicate across farms √ × √ √ × √ 
Manage and share document 
(e.g. pest photos) 
√ √ √ × √ √ 
Communicate with experts or 
experienced farmers 
√ × √ √ × √ 
Type 2: Process Controlling Affordances 
Track production activities √ √ √ × × × 
Trace production progress × √ √ × × × 
Verify organic requirements × × √ × × × 
Manage customer orders  × × √ × × × 
Type 3: Business Analyzing Affordances 
Account crop costs and rotation × × √ × × × 
Account  labor costs × × √ × × × 
Intelligent diagnosis × × √ × × × 
Collective diagnosis online √ × √ × × √ 
Type 4: Product/Service Creating Affordances 
Sell commodity online  √ × √ × × × 
Exchange commodity among 
farms online 
× × √ × × × 
Type 5: Factual Detecting Affordances 
Detect climate conditions × × √ × × × 
Detect soil conditions × × √ × × × 
Type 6: Experience Inheriting Affordances 
Capture experience from 
experienced farmers 
× × √ × × × 
Standardize and optimize 
experience  
× × √ × × × 
Train new workers online × × √ × × × 
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Integrate experience with 
scientific knowledge 
× × √ × × × 
Note:  
1. The check mark (√) represents whether a certain affordance emerges from a 
certain mechanism of value co-creation at each case group.   
2. R: affordance retrospection, E: affordance exploitation, P: affordance 
prospection 
3. Experienced farmer is often referred by the informants as the older generation 
farmers in the local village. 
4. Expert is often referred by the informants as either experienced farmers or 
academic agricultural researchers.  
 
Table 3.4 Comparison of Technology Constraints in Value-Creation Mechanisms 
 Corporate Farms Family Farms 
Specific Constraints R E P R E P 
Type 1: User-Related Constraints 
Labor inadequacy √ × × √ × × 
Literacy inadequacy × √ √ × √ √ 
Budget inadequacy  × √ √ × √ √ 
Type 2: Task-Specific Constraints 
Experience dominance  × √ √ × √ √ 
Labor Intensive × √ √ × √ √ 
Climate uncertainty √ √ √ √ √ √ 
Knowledge dynamics √ √ √ × × × 
Type 3: Technology-Specific Constraints 
Content quality dynamics × × √ × × × 
Data inadequacy √ √ √ × × × 
Data timeliness × √ √ × × × 
Technology inadequacy √ √ √ √ √ √ 
Note:  
1. The check mark (√) represents whether a certain constraint emerges from a 
certain mechanism of value co-creation in each case group.   





3.5.3 Enabling Value Co-Creation: An Iterative Process 
Based on the above observations, it was suggested that the range of retrospective 
affordances among the informants exerts a direct influence on their capacities in 
generating exploitation or prospection affordances for the co-creation of new IT value. 
That is because the range of affordances actualized through existing technologies and 
exploited from boundary objects by a user reflects his or her effective possibilities in 
achieving goals through the use of ICTs, while the range of affordances derived from 
desired technologies reflect their effective possibilities in co-creating IT values. This 
indicates that in conditions of digital deprivation the limited ranged of affordances 
perceived by intended users is one of the key inhibitors for engaging them in the value 
co-creation process. It can therefore be concluded that expanding the range of 
affordances that can be perceived by digitally-deprived users is an important condition 
for enhancing their contribution to the co-creation of IT value. 
Specifically, to enable value co-creation, the range of affordances should be expanded via 
an iterative process as illustrated in Figure 3.3. The iterative process entails a reciprocal 
cycle between a user’s interactions with a specific IT artifact (i.e. a set of specific 
affordances emerging from affordance exploitation), and his or her background 
knowledge of the possible affordances that have been experienced with IT in general (i.e. 
a set of generic affordances accumulated and abstracted from affordance retrospection 
and prospection). On the one hand, intended users have different levels of knowledge 
about the possible affordances of information technology in general, which is known as 
“generic affordances”. In the value co-creation process, the generic affordances constitute 
information cues for the users to explore the possible goals that can be achieved by a 
specific IT artifact. This process is supported by processes of affordance exploitation 
through interaction with the specific IT artifact. Consequently, new affordances emerge 
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from the interaction with the artifact, which is referred to as “specific affordances”. These 
specific affordances in turn update the knowledge base of the generic affordances through 
the mechanisms of affordance retrospection or prospection. The range of affordances is 
thus expanded through the iterative process involving all three mechanisms of affordance 
generation. 
 
Figure 3.3  The Expansion of the Range of Affordances 
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Figure 3.4  A Revised Theoretical Model for Co-Creating IT Value with Digitally-
Deprived Communities 
3.6 DISCUSSION 
The research findings can be used as the point of departure for future research on digital 
divide initiatives that apply the value co-creation model with digitally-deprived 
communities. Figure 3.4 presents a summary of the findings. Three broad observations 
about the applicability of this model based on the two case groups of value co-creation in 
Chinese agricultural communities are important.   
Technology Affordances and Constraints experienced by intended users in 
the digitally-deprived communities are the key factors in affecting the digital 
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First, a list of specific affordances and constraints emerging from the value co-creation 
instances were identified and grouped into several types. Based on the empirical context, 
the study theorized three mechanisms that generate value co-creation instances based on 
different communication encounters: affordance retrospection, affordance exploration, 
and affordance prospection. Six categories of affordances and three categories of 
constraints were identified.   
Second, it was observed that the range of affordances that have been experienced by 
intended users may inhibit their capacity to co-creating IT values, as stimulated by 
exploring and prospecting action possibilities afforded by potential IT artifacts. The 
limited range of affordances experienced by the digitally-deprived communities explains 
why they are disengaged from the value co-creation process, thus inhibiting their 
opinions from being analyzed by digital innovation initiatives.  
Third, it was proposed that expanding the range of affordances is necessary (yet not 
sufficient) in creating an enabling environment for value co-creation with intended users 
in digitally-deprived communities. To do so, it was proposed that the range of 
affordances be expanded through an iterative process between exploiting the action 
possibilities afforded by a specific IT artifact and combining the specific affordances with 
whatever affordances that have been experienced by the user to create new combinative 
possibilities of generic affordances. The idea of expanding the range of affordances is 
aligned with the capability approach which proposes the idea of expanding the range of 
capabilities for disadvantaged groups (Sen 2001; Zheng 2009).  
3.6.1 Theoretical Implications 
This study makes contributions to three streams of IS literature. First, this study 
contributes to the digital divide literature by theorizing the digital divide issues in 
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digitally-deprived communities from the dimension of the level of user participation in 
co-creating IT value that is relevant to specific use context. This study conceptualized the 
digital divide through the user co-creation view, and it was proposed that, in the context 
of emerging economies, this conceptualization is more effective for providing relevant 
digital solutions with value co-creation efforts stimulated by the communication of 
technology affordances. Building on the digital divide literature, this thesis proposed that 
the role of value co-creation in bridging the digital divide in emerging economies needs 
to be explicitly theorized in order to better appreciate the challenges in facilitating 
inclusive growth. The findings explain the challenges of engaging digitally-deprived 
communities in co-creating IT value and delineating various enablers of value co-creation.  
Second, this study contributes to the value co-creation literature by proposing various 
mechanisms, inhibitors and enablers for enacting value co-creation with digitally-
deprived communities. Moving beyond the key assumption in value co-creation that 
customers are “informed, connected, empowered, and active” (Prahalad and Ramaswamy 
2004b),  this study investigates how value co-creation would be possible when customers 
are necessarily empowered or informed to participate in the creation of IT value. This 
expands discussion in the value co-creation literature on the processes through which 
users participate  in the co-creation of IT value (Payne et al. 2008) from digitally-rich to 
digitally-deprived communities. In doing so, it was suggested that one of the key 
challenges inhibiting the digitally-deprived communities from co-creating IT value is the 
limited set of technology affordances that can be experienced by intended users who are 
digitally-deprived. To expand the range of these affordances, value co-creation efforts 
should create a positive loop between affordance exploitation and affordance 
retrospection/prospection for digitally-deprived communities.  
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Third, this study contributes to the technology affordance literature by providing a new 
topology of affordances based on the temporal orientation of users’ perception, including 
(1) retrospective affordances that emerge from users’ perceptions on actualized 
interactions with existing technology,  (2) exploitative affordances that emerge from 
users’ perception on possible interactions with a newly introduced technology, and (3) 
prospective affordances that emerge from users’ perceptions of possible interactions with 
potential technology.  This topology has two unique values that can contribute to the 
existing knowledge of technology affordances. First, while existing topologies reflect the 
functional diversity of affordances (e.g. Majchrzak et al. 2013; Volkoff and Strong 2013; 
Zammuto et al. 2007), the new topology reveals the temporal dynamics of affordances in 
understanding the use of technology. Second, while existing topologies help in describing 
the possibilities of using technology in achieving goal-oriented tasks, the new topology 
helps in prescribing the process through which technology possibilities can be expanded.   
3.6.2 Practical Implications 
This study sheds light on implications for three groups of practitioners. For designers, the 
study suggests that the design of IT artifacts should seek to co-create IT value with the 
intended users, even when they are digitally-deprived. To do this effectively, the findings 
in this study have reflected two possibilities. On the one hand, the designers can approach 
a group of intended users who are comparatively rich in digital experience. These people 
can co-create a substantial amount of IT value, which was reflected by the findings from 
corporate farms in this study. This strategy aligns with the approach of “positive deviant”, 
which “looks for solutions among individuals and families in the community who are 
already doing well” (Brown and Wyatt 2010).  
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On the other hand, the designers should attempt to interpret the needs that are particularly 
essential for digitally-deprived users by stimulating their opinions with some boundary 
objects. To achieve this, the designers should intentionally aim to keep their designs open 
to multiple interpretations allowing potential users to perceive in the artifacts more 
affordances than what the designers would have imagined. With effective stimulation, the 
digitally-deprived users may be able to show informative reactions, which was reflected 
by the findings from family farms in this study. This strategy is encouraged by inclusive 
design practitioners who aim to offering equality of social opportunity (Clarkson et al. 
2013).  
For managers or vendors, the study suggests that digitally-deprived consumers can make 
creative use of digital products or services if more affordances can be perceived. That is 
because expanding the range of action possibilities afforded by an IT artifact empowers 
the users to adapt the artifacts to their own context and needs, which may in turn create 
more business opportunities.  
For policy makers or social innovators, the study provides implications on how they can 
expand the capabilities of marginalized communities by expanding the affordances they 
can perceive in the limited range of technologies they have at their disposal. This means 
that before delivering more sophisticated technologies, they should first try to widen the 
possibilities of action that can be perceived in the existing ones.   
3.6.3 Limitations and Suggestions for Future Research 
The digital divide is a complex social problem that is influenced by various social-
cultural circumstances, spanning from macro-level (e.g. government policy, social-
economic structure, regional culture, etc.) to micro-level (e.g. individual preference, 
technology design, social influence, etc.) factors. However, this research primarily 
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focused on micro-level factors, such as the design of technology functionalities, user 
interfaces and user requirement elicitation processes.  
This research has attempted to explain the importance of value co-creation in alleviating 
the digital divide problem and proposed the concept of technology affordances as an 
enabler of communication encounter for stimulating value co-creation between providers 
and users that are characterized by digital deprivation in the emerging economies. To 
investigate further on these explorative findings, there are several follow-up questions to 
be studied in future research. For example, while this research proposes the value co-
creation in a pre-adoption case scenario, future research may continue to investigate 
through longitudinal studies how the co-creation of IT value continues during the 
implementation and usage of a new IT system. In addition, while this research proposes 
attention to affordances as an enabler of communication encounter for value co-creation, 
future research may seek to expand the “how” question by investigating or exploring 
factors that can explain the process through which digitally-deprived users incorporate 




CHAPTER 4 CONCLUSION 
4.1 THEORETICAL INTEGRATION 
This thesis has focused on two themes of the digital divide that are particularly important 
for understanding the design process in the context of digitally-deprived communities. 
One is the design principles that should guide this process, and the other is the 
significance of value co-creation in the process and thus in bridging the digital divide. 
This thesis consists of two studies focusing on each of the two themes separately. The 
findings of the two studies then converge into an integrated theoretical model for 
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The major implication that this thesis has provided is an in-depth analysis on the digital 
divide problem in a specific digitally-deprived context, the agricultural sector in China 
Specifically, this thesis has shed light on the insiders’ view of what and how IT is needed 
to resolve the local problems in the Chinese agricultural sector, which is yet a promising 
market for promoting the IT consumption. This contributes to the limited literature on IS 
in China, especially regarding ICT for development in China, which is poorly represented 
in the English language literature, despite the increasing global importance of this 
country and its vast population (Walsham et al. 2007). The detailed contribution is 
represented in the two studies regarding different aspects of the digital divide dilemma.  
Another major implication of this thesis is an empirical attempt to develop a 
contextualized IS design theory following Gregor and Jones’s (2007) ISDT framework 
and Grogor and Hevner’s (Gregor and Hevner 2013) design science research approach. 
This design theory for digitally-deprived communities entails both (1) descriptive 
knowledge as represented by the design context of a particular phenomenon of digitally-
deprived communities, and (2) prescriptive knowledge as represented by design 
principles that can inform the design of IT artifacts for the digitally-deprived 
communities.  
Another major implication is the theorization on the role of value co-creation in bridging 
the digital divide as well as the role of affordance in enabling value co-creation. The 
development of an affordance-based theory follows that of Volkoff and Strong (2013). 
This mid-range theory is anchored on the question of how to engage digitally-deprived 
communities in the value co-creation process, which in turn expands discussion in the 
value co-creation literature on the processes through which users participate  in the co-
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creation of IT value (Payne et al. 2008) from digitally-rich to digitally-deprived 
communities.   
4.3 LIMITATIONS AND PROPOSALS FOR FUTURE RESEARCH  
The two studies in this thesis are based on the early stages of digital innovation for 
agricultural communities in China. As the application domain is comparatively less 
explored, this research is at the explorative stage that aims to gain deeper understanding 
towards the problems and context, as well as confirmation of the concept of initial 
technology artifacts in the new user groups. Thus, the findings in this thesis may not 
suffice as a grand IS theory that can guide the digital innovation in digitally-deprived 
communities. In addition, the agricultural sector in China is a niche phenomenon, which 
cannot fully represent the digitally-deprived communities of the world.  
To expand this research on the digital divide issue, which is centered on the empirical 
context of IT in agriculture, this thesis continue to build up both theoretical knowledge 
and empirical evidence that can advance the development of findings that have been 
reported above. First, it is intended to follow up the investigation into an extended stage 
of digital innovation for agricultural communities in China. For example, the key farm 
(Farm A) has recently formed an agricultural technology entrepreneurial team that aims 
to develop information systems for farms that share a similar business model with their 
farm. A follow up research with this empirical phenomenon may help to reveal more 
relevant design principles and value co-creation strategies.  
The second intention is to expand the user groups to other digitally-deprived communities 
for validating the applicability of findings that are generated from a single industry. For 
example, elder care and children’s education are also interesting digital innovation 
domains that contribute to bridging the digital divide. Generally, there are ample 
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opportunities for future research to contribute to a better understanding of mechanisms on 
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APPENDIX A  LIST OF ACRONYMS 
Acronym Full Form 
IS Information Systems 
IT Information Technology 
ICT Information and Communication Technology 
ISDT Information Systems Design Theory 
TACT Technology Affordance and Constraint Theory 
 
APPENDIX B  THEORIZED AFFORDANCES IN PRIOR IS LITERATURE 
IT Affordance Technology  User  Context  References 
Visualizing Entire Work Process: 
afford observing the entire work process 
in action from "end to end” represented 
through language, imagery, or physical 
artifacts to make decisions about next 










Employees that use 
enterprise system 
Organizational action that 
requires process standardization 
and process design (e.g. 
decentralized structures, key 
performance indicators, reward 
system, team norms, work 








Real-Time/Flexible Product and 
Service Creation: afford creating 
software enhanced products and services 
by quickly recombining components in 







open source software 
 
Employees that use 
enterprise system 
Organizational action that 
requires shared understanding 
and exposure to ideas from 
other disciplines. 
(Zammuto et al. 
2007) 
Virtual Collaboration: afford sharing 
and integrating others' knowledge when 
that knowledge is primarily conveyed 





and retrieval features 
 
Employees that use 
enterprise system 
Organizational action that 
requires distributed work. 
(Zammuto et al. 
2007) 
Mass Collaboration: afford interacting 
on a many-to-many basis via the Internet 
as opposed to a one-to-one basis (e.g., 
instant messaging), or a one-to-many 
basis (e.g., list servers). 
Enterprise system 
features: creating tags, 
labels or links to 
content, etc.  
 
Employees that use 
enterprise system 
Organizational action that 
requires co-creation or collating 
diverse opinions.  
(Zammuto et al. 
2007) 
Simulation/Synthetic Representation: 




tools and business 
intelligence 
 
Employees that use 
enterprise system 
Organizational action that 
requires sense making of new 
possibilities and discovering 
alternative courses of action. 
(Zammuto et al. 
2007) 
Basic Affordances: afford (1) recording 
data associated with performing 
transactions, (2) performing “all” work 
through a single system, (3) accessing 
cross-functional, global, and historical 
information in real-time, (4) setting up 
Enterprise system 
(Autoworks-CrashLab 
ES and ACRO-SAP) 
Employees that use 
enterprise system 
Organizational action that 
requires recording and 






models for automated analysis by the 
solver, and (5) generating output reports 
from the solver output.  
Standardizing and Integrating 
Affordances: afford standardizing 
processes and data, integrating processes 
and data, standardizing model setup 
routines and output of post-processors.  
Enterprise system 
(Autoworks-CrashLab 
ES and ACRO-SAP) 
Employees that use 
enterprise system 
Organizational action that 




Visibility Affordances: afford 
monitoring organizational operations 
across boundaries and making decisions 




Employees that use 
ACRO-SAP 
system 
Organizational action that 
requires the monitoring of 
operations across organizational 
boundaries or to make decisions 
based on global data. 
(Volkoff and 
Strong 2013) 
Controlling Affordances: afford 
controlling which individuals can 
perform each transaction, guiding and 
constraining how work is done, and 
exercising real-time control over 
processes and outcomes using real-time 
data about organizational operations.  
Enterprise system 
(ACRO-SAP) 
Employees that use 
ACRO-SAP 
system 
Organizational action that 
requires the narrowing of users’ 
jobs, to train users, or to 




Communication Affordances: afford 
consulting more easily with other 
engineers, sharing work, and 




Employees that use 
Autoworks-
CrashLab system 
Organizational action that 
requires consulting each other, 




Analysis Affordances: afford 
comparing multiple iterations of model 
tests, analyzing and evaluating solver 




Employees that use 
Autoworks-
CrashLab system 
Organizational action that 
requires performing different 




Affordances - Reflective Disclosure: 
Enterprise system: 
monitoring, analysis, 
Employees that use 
enterprise system 
Organization’s sustainable 
transformation action that 




afford a reconsideration of belief 
formation, action formation, and 
outcome assessment related to work 
practices.  
and presentation of  
features 
requires seeking information 
about current work practice 
beliefs, actions, and outcomes, 
and enables imagination, 
articulation, and assessment of 
alternative actions and 




Affordances - Information 
Democratization: afford the 
dissemination and interaction of 
sustainability-related information from 
both internal and external sources. 
Enterprise system: 
information access and 
interaction features 
Employees that use 
enterprise system 
An organization’s sustainable 
transformation action that 
requires diffusion and network 
cultivation of information as 
well as opportunities to 
participate in and influence the 
decisions made as part of the 
initiative.  
(Seidel et al. 
2013) 
Sustainable Practicing Affordances - 
Output Management: afford the 
management of environmentally harmful 
outputs and the associated resource 




Employees that use 
the enterprise 
system 
An organization’s sustainable 
transformation An 
organization’s action that 
requires confining work 
practices to the boundaries of 
certain sustainability 
regulations and norms.  
(Seidel et al. 
2013) 
Sustainable Practicing Affordances - 
Delocalization: afford the work 
practices to become location-
independent.  




Employees that use 
enterprise system 
Organization’s sustainable 
transformation action that 
requires reducing negative 
sustainability impact stemming 
from resource movement to 
location of work (e.g. 
travelling). 




Visibility: afford users the ability to 
make their behaviors, knowledge, 
preferences, and communication network 
connections that were once invisible (or 
at least very hard to see) visible to others 
in the organization. 
Social Media  Employees that use 
social media 
Organizational action that 
requires access to work 
behavior, meta-knowledge, and 
organizational activity streams 
(Treem and 
Leonardi 2012) 
Editability: afford the actor to spend a 
good deal of time and effort crafting and 
re-crafting a communicative act before it 
is viewed by others. 
Social media 
 
Employees that use 
social media 
Organizational action that 
requires regulating personal 
expressions, targeting content, 




Persistence: afford the communication 
to be accessible in the same form as the 
original display after the actor has 
finished his or her presentation. 
Social media 
 
Employees that use 
social media 
Organizational action that 
requires sustaining knowledge 
over time, creating robust forms 




Association: afford established 
connections between individuals, 
between individuals and contents, or 
between an actor and a presentation.  
Social media 
 
Employees that use 
social media 
 
Organizational action that 
requires supporting social 
connections, access to relevant 
information, and enabling 
emergent connection. 
Crisis management in 
organization. 
 
(Nan and Lu 
2014; Treem and 
Leonardi 2012) 
Meta-voicing: afford engaging in the 
ongoing online knowledge conversation 
by reacting online to others’ presence, 
profiles, content and activities. 
Social media 
 




Crisis management in 
organization. 
(Majchrzak et al. 
2013; Nan and 
Lu 2014) 
Triggered Attending: afford engaging 
in the online knowledge conversations 
by remaining uninvolved in content 
Social media 
 








production or the conversation until a 
timely automated alert informs the 
individual of a change to the specific 
content of interest. 
Network-Informed Associating: afford 
engaging in the online knowledge 








(Majchrzak et al. 
2013) 
Generative Role-Taking: afford 
engaging in the online knowledge 
conversation by enacting patterned 
actions and taking on community-
sustaining roles in order to maintain a 
productive dialogue among participants. 
Social media 
 




(Majchrzak et al. 
2013) 
Assembling: afford individual members 




Employees that use 
social media 
crisis management in 
organization 
(Nan and Lu 
2014) 
Verifying: afford individual members to 
validate their message content. 
Social media 
 
Employees that use 
social media 
crisis management in 
organization 
(Nan and Lu 
2014) 
 
APPENDIX C  RESEARCH SITE AND INTERVIEW DETAILS 
 ID Visit Date Site Key Informant Description of Informant 
Case Group 1: Family Farms 
1 7/16/2013 Family 1 Ms Wu Ms Wu is a traditional village woman, who owns around 3 mu of farmland, growing for both sales and self-supply.  
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2 7/17/2013 Family 2 Mr Zhang 
Mr Zhang is a community grower, who has a decent job but loves growing vegetables at home 
for self-supply. He expressed some insights on the possible information technologies that may 
help them to share growing experience among neighbors. 
3 7/18/2013 Family 3 Mr Sheng 
Mr Sheng is a village shopper who sells agricultural materials and tools (e.g., pesticides, 
fertilizers, etc) to local farmers in the village. He said he shared the pest control method with 
local farmers. But his experience is based on pesticide providers training and interactions via 
instant messaging and sms. 
4 7/18/2013 Family 4 Ms Chen 
Ms Chen is an elderly rural woman, who is experienced in farming.  She is confident in her 
farming knowledge. But she is reluctant to try the given prototype, because she is illiterate and 
has poor eyesight. 
5 7/18/2013 Family 5 Ms He 
Ms He is a young rural woman. Her farming work basically follows Ms Chen's suggestions. She 
is a young farmer who also has part-time work in a rural construction company. She is happy to 
use the given prototype but has little insight on how IT can help her in improving profits. 
6 7/23/2013 Family 6 Mr Wang 
Mr Wang is an elderly farmer who was selling his watermelons in a local market. He does not 
own a mobile phone or computer. He is a very traditional farmer who grows commercial crops 
and sells them himself in the market where there is demand. He is reluctant to try the given 
prototype. 
7 7/25/2013 Family 7 Mr Wu 
Mr Wu's family farm only grows only for the family’s needs. He is a teacher. His family farm is 
mainly managed by his wife. Thus he has little knowledge on what's going on with the farming 
practices. 
8 7/25/2013 Family 8 Mr Wu 
Mr Wu used to be a farming-technician. Now he rents his farmland (7mu) to the owner of a 
large-scaled farm. He acknowledged that most of the time, local farmers do not adopt the right 
method to deal with crop disease or pests, because they only listen to what the village shoppers 
tell them, which is not correct information most of the time. But since the plant-reservation 
station is a bit far away from his village, he sometimes also uses pesticides as the village 
shopper offers, just to save time and transportation fees.  
9 7/26/2013 Family 9 Mr Yang Mr Yang in his 40s is an experienced farmer. Mr Yang packages the beans at his farm with his wife. He spoke of understanding their farming routine and problems. 
10 7/26/2013 Family 10 Mr Wang Mr Wang who is in his 50s is an experienced farmer. Mr Wang sprays pesticides.  
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Case Group 2: Corporate Farms 
1 7/7/2013 8/8/2014 Farm A Mr Cheng 
Mr. Cheng is the owner of the organic farm "Shared Harvest". He initiates the community-
support-agriculture business in China with his wife, Shi Yan. Both of them are PhDs majoring 
in the agriculture business, supervised by a reputable professor in China Renmin University. He 
spoke of his ideas on the need of IT for his business, e.g., crop production management, 
farmland surveillance, order management, etc he was interviewed during the 2nd field trip to 
Beijing at their Shunyi Branch in his office.  
They spoke of the current problems with customer & order management tasks as their customer 
size had increased in the past year. 
2 7/16/2013 Farm B Mr Zhou 
Mr Zhou is a military support staff and is the production director in their internal farm. Due to 
institutional reasons, he commented that communication tools are forbidden. Most of the 
interview with him was only recorded as written notes, with a small part of it is recorded outside 
the office.  
3 7/18/2013 Farm C Mr Ding 
Mr Ding is the director of a large-scale farm. It mainly grows grain (wheat, rice, beans, etc.) and 
sells seeds to the neighboring farmers. They have above 10k mu of farmland. He is a traditional 
farmer but with some insights on IT. He expressed interest in the given prototype of pest 
management. He also suggested the developing of more information technologies that can help 
them manage the farming process and monitoring their part-time workers, as their farm is too 
big to keep an eye on every worker. In addition, his co-worker who also stepped in during 
interview is a traditional farmer who is poorly educated and had few experiences with advanced 
IT tools. In contrast from Mr. Ding, this worker is reluctant to try the given prototype, because 
he has difficulties in reading and watching the mobile screen.   
4 8/1/2014 Farm D Mr Bao Mr Bao is the production director at the kiwi farm. He spoke of how they keep records of the farming process and data.  
5 8/1/2014 Farm E Mr Suo Mr Suo is the production director at the kiwi farm. He used to be salesmen of agriculture product.  
6 8/3/2014 Farm F Mr Tian Mr Tian is the production director at the tourism farm, China's Nongjiale. 
7 8/4/2014 Farm G Mr Xie This is a small tourism farm. 
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8 8/4/2014 Farm H Mr Zhang 
Mr Zhang is the farm owner, but is not a farmer. As a new farm owner, he wants to learn more 
farm management experience and farming skills. But he said that it is hard to access such 
resources. He expects some online forums that focus on farming topics. 
9 8/5/2014 Farm I Mr Ni 
Mr Ni is a certified expert in growing kiwi. This is his farm for kiwi research. He told us that he 
record his findings using a hard-copy notebook. He is willing to use IT to help him edit the 
findings. But he is very sensitive of the IP of his input. 
10 8/16/2014 Farm J Ms Xie 
Ms Xie is the farm owner of this organic farm. She and her husband quit their jobs and have 
been running this farm for two years. They are still learning. She is new to this area and expects 
more platforms to gain knowledge on how to manage an organic farm. 
 
APPENDIX D  OBSERVATION OF FARMING WORK (PHOTOS) 
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APPENDIX E  GUIDELINES FOR RESEARCH INTERVIEW PROTOCOL  
Interview Introduction 
Food & agriculture challenges, such as population increase, climate change, and security concerns, force individuals, organizations, and 
governments to increasingly debate on solutions for an improved agricultural production (in terms of both quantity and quality). The COSMIC 
team at the University of Singapore has been investigating information technology (IT) innovations towards productive farming. In this 
interview, the aim is to get an in-depth understanding of the potential role that information technology will play or is playing in the farming 
practices of a farm. Each interview will last around 60 minutes. 
Interview Outline  
1. Farm operation (for farm owner only), 5min  
2. Farming practice, 20min 
3. Farm information/knowledge management, 10min  
4. Challenges & Solutions, 10min  
5. Role of IT, 10min  
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6. “M-Farming” trials & evaluation, 15min  
Topic 1: Farm Operation Management  
A1.  What is the type of each farm (e.g. family farm, organic farm, government farm, etc.)?  
A1.1. What are the goals pursued by this farm (e.g., productivity, profitability, food quality, employee happiness, etc.)?  
A1.2. How do you evaluate the extent to which you accomplish the goals?  
A1.3. What is your revenue model?  
A2. How big is your farm? Are the fields together or separated? How do you name each field or farmland?  
A3. How many workers are there on the farm? 
A3.1. What is the total cost of manpower? 
A3.2. How do you evaluate their performance? Please elaborate your evaluation criterion and procedure.  
A4. How much profit does the farm make monthly and from what sources?   
A5. How much harvest does the farm produce monthly (kg)? How do you calculate crop production?  
A6.  What are the crops growing on the farm?  
A7. What are the most profitable crops? On average, how much are they worth per kg? How long does each crop take to grow?  
 
Topic 2: Farming Practices 
B1. What tasks and responsibilities do you currently work on? Please elaborate with details. (Prompt: refer to questions B1.1-1.2 for reference)  
B1.1. Please describes details of the task. (Prompt: How do you go about doing them)  
B1.2. Please describes a typical work day routine.   
B2. Have your farming routines changed in the past? Please elaborate with examples. (Prompt: refer to B2.1-2.6 for reference) 
B2.1.Can you describe the practice before and after the change?  
B2.2.What has changed?  
B2.3.How did this change occur?  
B2.4.Do you recall a critical incident or any other trigger that started the change?  
B2.5.Was the change triggered by pure productivity objectives or for other reasons (e.g. improving efficiency, improving product 
quality, meeting customer requirements, etc.)? If so, what are the other confounding reasons?  
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B2.6.Was a new or existing IT system involved in the change (e.g., as a trigger, or as an enabler, or as a facilitator)?  
B3. What do you think is the role of the individual in facilitating your farm to achieve its goal (e.g., productivity, profits, customer base, brand 
value, etc.)? Please elaborate in details. (Prompt: refer to B3.1-3.4 for reference) 
B3.1. Can you recall the goals of your farm?   
B3.2. To what extent, do you think individuals need to change their behavior in order to allow your farm achieve its goals?   
B3.3. Do you think that the farm has been motivating or asking for individual behavioral change to achieve its goals?  
i. Can you recall any means used to foster individual change?  
ii. Can you recall any incidents that affected or triggered people into changing their behavior?  
iii. Is there a role that IT played in fostering individual change?  
iv. What are the challenges or constraints for individual change?  
B3.4. To what extent, do you think the farm has been successful in creating awareness for achieving its goals among their employees? 
 
Topic 3: Challenges and Solutions  
C1. What do you think is the biggest challenge on your farm at the moment? (Prompt for multiple major problems – pest, manpower, lack of 
market information, lack of farm management tools, etc.)  
C1.1.Please provides an example/scenario where you face such a problem(s).  
C1.2.What is the consequences of this problem(s)? (Prompt: crop loss, time loss, money loss, manpower hours wasted?)  
C2. How do you /cope with this problem(s) currently? Please elaborate with an example.  
C3. If you could have your way, what would be an ideal solution?   
C3.1.What is some of the key functions/benefits you are looking for? (Prompt: Infer and come out with some key functions based on the 
idea given and validate it)  
C3.2.How much will you pay for such a solution (e.g., monthly subscription fee, one-time purchase, invest the solution on your own)?  
 
Topic 4: Farm Information/Knowledge Management 
D1. Does the farm keep track of certain information or data (e.g. Amount harvested, amount of pesticides/water used)?  Please elaborate with 
examples.  
D1.1.How often does the farm track each type of data?  
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D1.2.Who keeps track of the data? How does he or she track these information or data (using notebook, using computers, using mobile 
devices, etc.)?  
D1.3. What is the data used for? Please give examples. 
D1.4. Is there any other data that the farm would like to keep track of? Please give examples and elaborate on the purpose.  
D2. Do you seek knowledge (information, experience, skills, etc.) from others? Please give several examples.  
D2.1.What is the knowledge you seek? 
D2.2 From Whom/Where (e.g., peers in the farm, other farms, other organizations, search on the Internet, etc.)? How (e.g., through 
phone calls, the Internet, or face-to-face)? Is it reliable?  
D3. Do you share your knowledge with others? In other words, is there anyone who seeks knowledge from you? Please give several examples.  
D3.1.What knowledge do you share?  
D3.2.To Whom (e.g., peers in the farm, other farms, other organizations, contributions to online forum, etc.)? How (e.g., through phone 
calls, the Internet, or face-to-face)? When?  
 
Topic 5: The Role of Information Technology 
E1. What role does IT (e.g., e-commerce websites, mobile applications, etc.) play in your farming process? 
E1.1.Do you know any tools that can facilitate internal communication (i.e. communication with other colleagues)?  
E1.2.Do you know any tools that can facilitate external communication/collaboration (e.g., communication with customers, suppliers, 
etc.)?  
E1.3.Do you know any tools that can facilitate work practices on the farm (e.g., process management, accounting management, 
customer management, etc.)? How much do you pay for these tools?  
E1.4.How did you know about these tools?  
E1.5.Do you have access to such tools on the farm? Why or why not? (Prompt: too costly, doubts on effectiveness, doubts on reliability)  
E1.6.Do you use these tools? For what purpose? Why or why not? (Prompt: difficult to use, does not work as promised)  
E1.7.If you do use the tools, what experiences have you had using them? (Prompt: do they work better than expected? Were they easy to 
use? Is the value worth it?)  
E1.8.What do you think is the impact/consequence of using these tools?  
E1.9.Do you think there are any alternatives to using these tools?  
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E1.10.Would you regard IT to be a key factor in achieving the goals on your farm? Why or why not?  
E2. Are you satisfied with the current (available & accessible) IT tools? Why or why not?  
E3. Can you suggest the expected IT functions that may help to achieve the goals on your farm?  
E4. What do you think is the best way to deliver technology solutions to your community? (e.g. mobile phones, through nearby agri-institutions, 
through phone shops etc.) 
 
Topic 6: Prototype Trial and Evaluation   
This is a farming process management application developed by NUS COSMIC. It allows farmers to track farming activities, visualize the 
activities and manage farming resources for farmers. Allow farmers to use it for 5 minutes and observe.  
 
F1. What do you think the app can do? How will you use it in your work? Please provide an example/scenario where you will use this 
application. 
F1.1.Will it is helpful to you? Please elaborate on the benefits.  
F1.2. Which feature is the most valuable to you? Explain why.  
F1.3. Are there any features that you will not use? Explain why. 
F1.4. How do you take care of farming process management at the moment? (Prompt: follow a standard guideline, looking for ways to 
improve)  
F1.5.What other features would you like to see in this application? (Focus on functions)  
F2. Is the app easy to use? Why is it difficult or easy to use? (Prompt Navigation, understanding of icons)  
F3. What other changes would you like to see in this application? (Focus on Misc: Interface, content, etc.)  
F4. How much will you pay for such an application? 
 
APPENDIX F  LOCAL TERMINOLOGIES IN THE CHINESE AGRICULTURE SECTOR 
Hierarchy Structure in Rural China 
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The rural families in rural China are distributed into different village groups, formerly known as the production team (in simplified Chinese:生产
队), a basic accounting and farm production unit in the people's commune system in People's Republic of China from 1958 to 1984 (Lin 1992). In 
the administrative hierarchy, the team was the lowest level, the next higher levels being the production brigade and people's commune. Although it 
has been replaced by village groups since 1984, most of the older farmers still use the concept of “production team” in describing their hierarchy 
in society. 
Agricultural Land Ownership in Rural China   
The unique institution of “collective land ownership and individualized land-use right” in Chinese agricultural sector has created various 
interesting forms of agricultural communities (Zhang and Donaldson 2010). The size of land is measured by mu (in simplified Chinese: 亩) with 1 
mu being equal to.16 acres.  
Agricultural Informatization in China 
The IT development for the agricultural sector in China is termed agricultural or rural informatization (in simplified Chinese:农业信息化) (Qiang 
2009; Zhang 2015). The collectively known challenge of agricultural or rural informatization in China is known as “the last mile” problem (Qiang 
2009). 
